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ABSTRACT 

The  purpose  of  this  investigation  was  the  study  of  suspension 
lines  under  actual  operating  conditions,  having  varying  degrees  of 
elongation,  energy  absorption  and  elasticity.  A  secondary  purpose 
of  the  investigation  was  the  study  of  fabric  porosity,  shape  and 
type  of  canoiy,  and  method  of  parachute  deployment. 

The  shock  absorbing  capacity  of  five  different  types  of  parachute 
suspension  line  cord  wen.  first  evaluated  for  basic  physical  properties, 
then  were  tested  by  assembling  into  parachutes  and  opening  the  parachute 
at  various  speeds  -  first  at  100  mph,  then  150  mph,  finally  200  mth  - 
on  a  whirling  test  tower.  The  parachutes  were  evaluated  first  in 
standard  back  type,  then  in  deployment  bag  openings.  Two  types  of 
parachutes  were  used;  one  being  a  twenty  four  foot  standard  parachute, 
the  other  being  a  30  foot  parachute,  with  an  extended  skirt. 

The  loads  were  measured  and  the  cords  evaluated  on  the  basis  of 
shock  absorbing  capacity,  strength,  and  durability.  Final  results 
of  the  work  indicates  that  the  presently  used  550  lb  tensile  strength 
coni,  Specification  MIL-C-50^0*  type  III,  is  the  best  of  the  cords 
evaluated.  A  good  correlation  was  established  between  line^energy 
absorption  and  snatch  force,  but  opening  shock  loads  appear  to  be 
little  affected  by  line  characteristics. 
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A .  PURPOSE: 

1.  To  determine  the  effect  of  suspension  line  elongation 
upon  absorbing  parachute  Impact  forces. 

2.  To  determine  which  type  of  line  construction  has  the 
greatest  Impact  absorbing  capacity. 

3.  To  determine  which  suspension  line  material  has  the 
greatest  impact  absorbing  capacity. 

B.  FACTUAL  DATA: 

The  static  elongation  tests  show  that  the  Group  IV 
nylon  line  has  the  highest  percent  elongation  per  unit 
load . 

5.  The  Group  V  (Formic  Acid  Treated  Line)  has  the  high¬ 
est  elongation  due  to  its  combined  unit  elongation  and 
higher  breaking  strength. 

6.  The  Oroup  I  (Portlsan  Line)  had  the  lowest  elongation. 

7.  The  Group  III  (Nylon  Line)  had  the  third  highest  elon¬ 
gation. 

8.  The  greatest  number  of  failures  occurred  in  the  Group 
IV  and  Group  I  lines, 

9.  Oroup  II  line  withstood  the  highest  stresses  of  the 
five  groups  tested  without  any  failures. 

10.  Group  ill  line  suffered  but  a  single  failure.  This 
was  in  a  main  seam  of  the  canopy  and  was  caused  by  a 
line  over. 

11.  Oroup  V  line  suffered  but  a  single  failure.  This  was 
due  to  an  inversion  of  the  canopy  upon,  opening. 

12.  The  shock  loads  for  the  deployment  bag  30  ft.  canopy 
launchings  were  approximately  30#  of  those  for  the  conven¬ 
tional  24  ft.  canopy  launchings. 

13.  Oroup  IV  line  suffered  a  large  number  of  failures  due 
to  friction  bums  at  low  shock  loads. 

14.  Higher  loads  were  registered  on  the  canopies  strung 
with  low  elongation  line  than  on  canopies  strung  with 
high  elongation  line. 
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15.  Nylon  Is  superior  to  fortisan  in  shock  absorbing 
capacity. 

16.  The  tubular  webb  line  (Oroup  II)  registered  the 
highest  forces  of  the  five  groups  of  line  tested  on 
the  whirling  tower.  (See  Paragraph  17.) 

17.  Had  it  not  been  for  numerous  line  breako,  the  for¬ 
tisan  line  (Croup  I)  may  have  registered  higher  loads 
than  the  nylon  webb  (Qroup  II)  during  the  200  MPH  tests 
using  the  24  ft.  canopies.  The  breaking  of  these  lines 
reduced  the  snatch  and  opening  forces.  Note  that  the 
tensile  strength  of  each  fortisan  line  is  30  lbs.  less 
than  the  nylon  webb. 

18.  The  Oroup  IV  (320  lb.  tensile  strength)  line  suf¬ 
fered  the  greatest  number  of  failures  in  the  area  be¬ 
tween  the  link  and  the  skirt,  particularly  at  lower 
loads  on  the  3&  ft.  canopies.  It  is  concluded  that 
this  line  has  insufficient  body  to  resist  failure  from 
friction  burning  under  opening  loads.  Note  the  lower 
number  of  this  type  of  failure  at  higher  loads  with 
the  24  ft.  canopies . 

19.  The  outward  tumbling  of  the  deployment  bag  dur¬ 
ing  che  test  tower  drops  with  the  30  ft.  canopies 
placed  one  or  more  twists  in  some  of  the  suspension 
lines,  thus  creating  a  source  for  friction  burns  as 
the  line 8  stretched  and  straightened. 

20.  Variation  in  the  porosity  of  the  fabric  between 
drop  tests  was  not  sufficient  to  materially  affect 
the  results  of  the  investigation. 

21.  The  magnitude  of  the  Impact  loads  is  Inversely 
related  to  the  elongation  of  the  suspension  line. 

22.  The  Group  V  and  Qroup  III  lines  exhibited  high 
capacity  for  absorbing  Impact  loads  and  resisted 
failure  from  stresses  and  friction  burns.  On  the 
ba:  is  of  impact  load  absorbtion.  Group  V  line  is  su¬ 
perior. 

23.  The  woven  tubular  construction  is  stronger  than 
the  braided  sleeve  with  core  thread  construction  but 
lacks  the  elongation  of  the  latter. 
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DISCUSSION  OF  RESULTS 


24.  The  gathering  of  data  from  a  series  of  personnel 
canopy  tests  is  apt  to  turn  up  some  diverse,  and  pos¬ 
sibly  contradictory  results.  Thi3  investigation  is  no 
exception.  Such  a  contradiction  is  found  In  the  aver¬ 
age  opening  shock  loads  for  the  Type  I  line  from  the 
150  MPH  test3  with  the  30  ft.  canopies.  This  particu¬ 
lar  test  shows  Type  I  line  to  have  the  lowest  record¬ 
ed  average  load  of  the  five  types  of  line  whereas,  all 
other  snatch  and  opening  shock  loads  for  this  line  .ere 
highest  of  all  lines  for  all  three  speeds  with  this 
canopy.  Furthermore,  the  Type  V  line  made  the  poorest 
showing  in  respect  to  shock  load  at  this  speed.  A 
search  through  the  drop  test  records  revealed  that  a 
possible  cause  was  an  above  average  shock  load  for  Can¬ 
opy  Number  350250,  strung  with  Type  V  line.  This  high 
shock  load  was  caused  by  an  inversion  of  the  canopy  dur¬ 
ing  opening. 

2f3.  It  was  also  noted  that  on  many  of  the  individual 
tests  where  snatch  force  was  high,  the  opening  shock 
was  relatively  low.  Similarly,  where  snatch  force  was 
low,  opening  shock  would  be  higher  than  average,  indi¬ 
cating  that  the  kinetic  energy  of  the  dummy  was  reduced 
by  the  combined  action  of  the  snatch  and  opening  forceB. 

2o.  Speed3  at  which  parachutes  were  tested  during  this 
investigation  exceeded  tnose  normally  used  for  paratroop 
drops.  Considering  that  the  dynamic  pressure  varies  as 
the  square  of  the  speed,  it  can  be  pointed  out  that  the 
opening  forces  at  the  lesser  ball  out  speeds  used  by 
paratroops  are  probably  low  enough  to  warrant  the  use 
of  the  Type  IV  line. 

27.  A  fair  comparison  between  Type  I  (Fortisan  sleeve 
and  oore  thread)  and  Type  II  (Nylon  Webb)  constructions 
was  difficult  because  two  basic  materials  were  used.  A 
true  test  of  construction  should  compare  the  performance 
of  two  lines  of  similar  elongation,  the  same  material 
and  differing  only  in  mechanical  construction.  The  ny¬ 
lon  webb  held  up  so  well  under  one  test  in  particular 
(7500  lb.  snatch  load)  that  It  rates  high  on  strength 
alone.  The  fortisan  failed  at  lesser  loads  because  of 
lower  elongation,  lower  tensile  strength,  or  the  dif¬ 
ference  in  construction.  It  is  apparent  that  the  7.2 $ 
difference  in  tensile  strength  was  not  the  main  reason 
for  the  large  number  of  broken  lines. 


VttDC  TH  52-57 


3 


mm.  iwnip  m  mmmmm 


i  WiiV-l.^  ■^rV t “■  lp, ' l-'V'f- *?■" * ‘'-i* 


DISCUSSION  OF  RESULTS  (CONT'D) : 

28.  Deployment  bag  line  stowage  loops  were  badly  tom 
during  the  200  MPH  drop  tests  due  to  the  rapid  deploy¬ 
ment  of  the  lines.  This  also  caused  some  friction  bums 
on  the  lines. 

RECOMMENDATIONS: 

1.  Investigate  the  extent  to  which  "Opalwax”  will  make 
the  Type  IV  line  resistant  to  friction  bums. 

2.  The  30  ft.  extended  skirt  canopies  suffered  a  large 
number  of  line  attachment  failures  at  the  skirt.  These 
lines  did  not  "break  “but  The  stitching  failed.  The  me¬ 
thod  of  attaching  lines  to  this  shape  canopy  should  be 
investigated. 

3.  The  flat  webb  line  is  better  suited  to  zig-zag  sewing 
than  a  round  line.  Investigate  the  relative  strength  of 
the  attachment  of  the  two  lines. 

4.  Investigate  the  braided  coreless  line  construction 
in  fortisan  and  nylon  with  respect  to  elongation. 
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MATERIALS  TESTED 


SECTION  I  -  GENERAL 

1.  OBJECT  OP  TESTS;  The  principle  object  of  this 
project  was  To  det'ermlne  what  effect  suspension  line 
elongation  has  on  the  ab3orbtion  of  parachute  im¬ 
pact  forces.  A  secondary  object  was  to  determine 
what  effect  canopy  shape  and  slse  had  on  Impact  loads 
when  the  canopies  were  equipped  with  these  lines. 

A  third  object  wa3  to  study  the  effeot  of  deployment 
bags  as  related  to  suspension  line  performance  and 
reduction  of  Impact  loads. 

2.  USE  OF  TERM  -  "GROUP1'  ys.  ‘'TYPE11:  Hereafter,  the 
word  '  droup"  will  be “used  in  this  report  instead  of 
the  word  "Type1'.  ''Type'*  has  been  used  in  some  of  the 
specifications  to  indicate  different  cords.  Thus, 
Group  I,  Group  II,  Group  III,  Qroup  IV  and  Group  V 
will  distinguish  the  five  kinds  of  cord  tested  on 
tnls  contract. 

SECTION  II  -  DESCRIPTION  OP  LINES 

1.  GROUP  I  -  420  LB  TENSILE  STEENQTH  PORTISAN  LINS; 
This  "cord  is  similar  to  "Specif  icat  tori  16142,  Type  TL 
except  for  its  heavier  construction  and  higher  break¬ 
ing  strength,  it  Is  constructed  with  an  outer  cover 
and  an  inner  core. 

Cover  (Sleeve) 

17.5  Ploks/lnch 
40  Carrier  Braider 
Yam  90/120  Portlsan  H.  T.  1/6 
2.5S/2.0Z 


Core 
4  Ends 

Yam  270/120  Fortiean  H.  T.  1/2/12 
2.4S/4 . 9S/2.1Z 

This  line  had  the  lowest  elongation  of  the  five  tested. 

2.  GROUP  II  -  NYLON  TUBULAR  WEBBING,  SIMILAR  TO  SPECI¬ 
FICATION  AN-W-lOb  (M1L-W-5&5T;  This  cord  “was  .e  only 

one  tested  that  had  no  core  threads.  It  is  of  the  wo¬ 
ven  construction  as  compared  to  braided  construction  in 
the  other  four  lines. 
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MATERIALS  TESTED 


SECTION  II  -  DESCRIPTION  OF  LINES  (CONT'D) 

23  Warp  Ends 

Yarn  210/68  Nylon  1/8  1S/1.9S 

24  Picks/Inch  Fill 

Yam  210/68  Nylon  1/4  123/2.13 

3 .  GROUP  III  -  330  LB.  TENSILE  3TRKN0TH  NYLON  CORD : 

This  la  probably  the  best  known  of  the  suspension  cords. 
It  is  used  in  all  sizes  and  types  of  canopies  and  is 
somewhat  of  a  standard.  It  is  fully  described  in  Spec¬ 
ification  MIL-C-5040,  Type  III. 

4.  GROUP  IV  -  320  LB.  TENSILE  STRENGTH  NYLON  CORD:  A 
quantity  of  this  cord 'wa3  purchased  by  Wright”  Field  on 
Purchase  Order  33 -097 -49-821 -E.  It  is  constructed  with 
an  outer  cover  and  an  inner  core. 

Cover  (Sleeve) 

26  Picks/Inch 

32  Carrier  Braider 

Yam  70/34  Nylon  1/2/3  1Z/20.2S/13Z 

Core 

4  Ends 

Yam  210/34  Nylon  1/5/3- 1Z/ 10. 53/5- 9Z 

5 .  GROUP  V  -  550  LB.  T.S.  FORMIC  ACID  TREATED  CORD: 
This  cord  Is  the  same  as  Group  III  except  that  it  la 
formic  acid  treated  to  give  55%  ultimate  elongation. 

(a)  The  construction  of  this  line  is  covered  in 
Specification  MIL-C-5040  under  Type  III.  The  formic 
acid  treatment  shrinks  the  line. 

(b)  The  700  yd.  skeins  of  nylon  shroud  line  were 
treated  in  a  solution  of  30%  formic  acid  at  150°  F.  for 
15  minutes.  The  line  was  removed,  washed  four  times, 
and  remaining  traces  of  formic  acid  neutralized  with 
soda  ash.  The  line  was  given  a  final  rinse  and  allowed 
to  dry. 
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MATERIALS  TESTED 


SECTION  II  -  DESCRIPTION  OP  LINES  (CONT'D) 


Laboratory  Test  Results  of  T*-eatraent: 


Untreated 


Rupture 


Elongation  Picks/inch  Yds/lb. 


577  42* 


26  84.2 


30 ‘t  Formic  *  591  *55.0 
Acid  3  1 50°P  *527  *51.0 
for  15  minutea*554  *52.0 


28.5  76.3 
28.5  79.5 
26.0  78.O 


*  Prom  Center 
of  (3)  Spools. 

The  above  test  results  from  Cheney  Brothers  Laboratories 
compared  favorably  with  the  line  strength  and  elongation 
obtained  by  Pioneer  Parachute  Company's  investigations 
shown  in  Appendix  '  B" ,  Section  III. 

SECTION  III  -  DESCRIPTION  OF  CANOPIES 

1.  24  FT.  DIAMETER  STANDARD  FLAT  CANOPIES:  Thirty  (30) 
24  foot  diameter  canopies  were  made  to  A.F.  Drawing 
X-49J7143  except  six  (6)  canopies  were  strung  with  each 
of  the  five  groups  of  suspension  cord.  These  cords  ex¬ 
tended  from  riser  link  to  skirt,  over  canopy  vent  to  op¬ 
posite  skirt,  then  to  link  on  the  opposite  riser.  The 
canopies  were  made  of  1,1  oz.  nylon  ripstop.  Specifica¬ 
tion  MIL-C-7020,  Type  T.  With  the  exception  of  the  cord, 
the  canopies  were  of  standard  construction. 

2.  30  FT.  DIAMETER  EXTENDED  *SKIRT  CANOPIES:  Twenty 
(20)  canopies  were  made  to  A.F.  Drawing  X-49J7141  ex¬ 
cept  four  (4)  canopies  were  strung  with  each  of  the 
five  groups  of  suspension  cord.  These  cords  were 
sewed  to  the  skirt  for  approximately  nine  (9)  inches 
along  the  main  seam  and  connected  to  the  drop  test 
riser  links  at  the  other  end.  Canopies  were  made  of 
1.1  02.  nylon  rlpatop,  Specification  MIL-C-7020,  Type  I. 

3.  SERIAL  NUMBERS:  In  order  that  the  Identification  of 
the  cainbpi'e'a  and  the  test  lines  might  be  easily  retained, 
it  was  decided  to  relate  the  last  two  digits  of  the  ser¬ 
ial  number  with  the  size  of  canopy  and  cord  group  number 
as  follows: 
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SECTION  III  -  DESCRIPTION  OP  CANOPIES  (CONT'D) 

24  FT.  CANOPIES 


SERIAL  NUMBER 


SUSPENSION  LIKE  GROUP 


350201 

02 


°i 

04 


05 

06 


I 

Portlsan  Lin*  similar  to 
Specification  16142-A, 
breaking  strength,  420 
pounds  minimum. 


% 

09 

10 

11 

12 


II 

Woven  tubular  nylon  line 
450  lbs.  minimum  breaking 
strength.  Low  elongation 
type  construction  similar 
to  Specification  AN-W-10b 
Webb. 


Ill 

Nylon  Line,  Specification 
AN-C-63,  Type  III 


19 

20 
21 
22 

i? 


IV 

Nylon  Line,  320  los.  mini¬ 
mum  breaking  strength,  Sim 
ilar  to  material  fumiahed 
to  Wright  Pleld  on  P.0. 
33-096-49-621E. 


25 

V 

26 

U 

Nylon  Line,  Specification 
AN-C-63#  Type  III,  Formic 

add  treated  to  produo* 

29 

approximately  555*  elonga¬ 

30 

tion. 

wire  at  52-57 
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MATERIALS  TESTED 


SECTION  III  -  DESCRIPTION  OP  CANOPIES  (CONT*D> 

30  FT.  CANOPUS 


SERIAL  NUMBER 


SUSPENSION  LINE  GROUP  ' 


350231 

32 

33 
3* 


39 

40 

41 

42 

i S 

45 

46 


tl 

49 

50 


I 

Port i son  Line  similar  to- 
Specif Icatlon  No,  16142-A, 
breaking  strength,  420 
pounds  minimal. 

II 

Woven  tubular  nylon  line 
450  lbs.  minimum  breaking 
strength*  Low  elongation 
type  construction  similar 
to  Specification  AN-W-lOb 
webb. 


Ill 

Nylon  Line,  Specification 
AN-C-63,  Type  III. 


IV 

Nylon  Line,  320  lbs.  min¬ 
imum  breaking  strength. 
Similar  to  material  fur¬ 
nished  to  Wright  Field 
on  P.0.  33-09O-49-821E. 

V 

Nylon  Line,  Specification 
AN-C-63,  Type  III.  Formic 
add  treated  to  produce 
approximately  553*  elonga¬ 
tion. 
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MATERIALS  TESTED 


SECTION  IV  -  TYPES  OP  DEPLOYMENT 

1.  PROP  TEST  FROM  SEAT  TYPE  PACK:  The  24  ft.  standard 
oanopTes  were  packed  into  standard  A.N.  aeat  type  packs 
modified  for  test  tower  use.  The  suspension  lines  were 
tied  to  four  links  held  by  twenty-seven  inch  drop  teat 
cotton  risers.  Standard  A.N.  type  pilot  chutes  were 
used  to  puli  the  canopies  out  of  the  packa.  The  rip- 
oorda  were  adapted  to  the  test  tower  dummy  ripcord  con¬ 
trol  device,  otherwise  pins  and  spacing  were  standard. 

2.  DROP  TEST  USING  DEPLOYMENT  BAG;  The  line  elonga- 
tion  test's  oTFered  an  opportunity  to  study  the  effect 
of  a  deployment  bag  launching  of  the  30  ft.  extended 
skirt  canopies  as  used  in  the  XT-9  type  parachutes 
The  deployment  bag  design  was  retained  but  the  shape 
was  changed  to  correspond  with  the  test  tower  dummy. 

The  deployment  bag  was  held  in  a  test  tower  pack  fit¬ 
ted  with  cover  and  ripcord.  (See  Figure  4  ,  Page  215. 
The  bag  was  pulled  from  the  pack  by  a  twl3t  ring  pi¬ 
lot  chut*  24  inches  projected  diameter.  The  pilot 
chute  was  connected  to  the  bag  with  a  1000  lb.  ten¬ 
sile  strength  bridle  cord  that  extended  through  the 
bag  to  the  canopy  vent  lines,  (See  Figures  5  and  7 
Pages  2l6and  21b.)  Twenty-seven  inch  drop  test  cot¬ 
ton  risers  connected  the  suspension  lines  to  the  dummy. 

Note  that  in  a  conventional  launching,  the  canopy  is 
withdrawn  from  the  pack  before  the  lines,  whereas  in 
a  deployment  bag  launching,  the  lines  are  withdrawn 
first  followed  by  the  canopy.  The  bag  holds  the  cano¬ 
py  until  the  lin«3  are  fully  stretched,  thus  preventing 
a  partial  canopy  opening  before  the  lines  are  taut. 
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Figure  1.  Specimens  of  'Tested  Goods 
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STATIC  I  INK  TESTS 


SECTION  I  -  GENERA I. 

1.  EUR POSE:  The  static  elongation  teats  were  conducted 
to  measure  tne  breaking  strengths,  elongation  and  perma¬ 
nent  set  of  the  five  groups  of  lines, 

2.  TESTING  OF  HIGH  EI.ONG \TTON  CORD:  All  static  line 
testa  were  made  on  t”Re  "Scott  'Pendulum  Type  Tensile  Tes¬ 
ter  having  a  Jaw  separation  speed  of  12  ♦  2  Inches  per 
minute.  (Uee  Page  213.  Figure  1.)  This  irachlne  was 
equipped  with  h  standard  length  bed. 

It  was  found  that  only  a  five  Inch  gage  length,  and  six 
inch  Jaw  separation  could  be  used  on  the  high  elongation 
cord  and  still  break  the  cord  before  the  Jaws  reached 
their  limit  of  travel.  A  similar  limitation  prevented 
the  continuous  recording  of  high  elongation  on  the  auto¬ 
graphic  recorder.  This  wa3  overcome  by  allowing  the  re¬ 
corder  to  graph  three  or  five  inches  of  elongation  and 
quickly  returning  the  platen  to  sero  from  where  the 
elongation  recording  was  continued.  (oee  Tensllgrama, 
Pages  25  to  29.)  The  two  parts  were  added  to  obtain 
total  elongation.  The  autographic  recorder  was  selec¬ 
ted  for  the  measurement  of  elongation  because  it  pro¬ 
vided  a  permanent  record  convenient  for  future  reference 
and  because  It  permitted  easier  reading  of  intermediate 
points  along  the  elongation  curve.  The  use  of  the  tensll- 
grams  made  by  the  autographic  recorder  required  that  the 
actual  elongation  be  calculated  to  correct  for  Jaw  pene¬ 
tration  effect.  (See  Page  213.  Figure  2.) 

The  true  elongation  was  measured  on  a  five  Inch  gage 
length  using  the  Caliper  Method.  Figure  2,  Page  213 
shows  the  method  of  winding  cord  around  the  capstans 
on  the  tensile  tester.  The  true  elongation  for  each 
cord  was  established  from  these  break  tests  and  measur¬ 
ing  the  elongation  at  the  breaking  point  by  the  Caliper 
Method.  This  was  followed  by  five  tests  on  each  group 
of  cord  to  establish  the  elongation  at  Intermediate 
points  50S,  70 1>  and  QOH  of  the  breaking  strength  esta¬ 
blished  In  the  previous  tests. 
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SECTION  II  -  METHOD  OP  MEASURING  LINE  ELONGATION 

1.  CALIPER  METHOD:  A  five  lnoh  section  la  marked  off 
on  tK*“corJ  between  the  capstans  of  the  testing  machine. 
A 8  the  tension  la  applied  and  the  cord  stretches,  a  pair 
of  calipers  la  used  to  measure  the  distance  between  the 
marks.  This  method  Is  considered  the  most  accurate  be¬ 
cause  the  measurement  It  made  on  a  specif ' c  length  of 
cord  that  stretches  uniformly.  A  slight  error,  due  to 
separation  of  the  fibers  rather  than  elongation,  may 
take  place  when  the  cord  reaches  the  breaking  point. 

Tills  may  be  seen  on  the  tensilgram  made  by  the  auto¬ 
graphic  recorder.  Measurement  of  elongation  at  inter¬ 
mediate  points  Is  difficult  and  less  accurate  becau.se 
the  testing  machine  cannot  be  stopped  to  make  these 
measurements . 

?.  EFFECTIVE  GAGE  LENGTH  METHOD:  This  method  Is  fully 
deacrfKed'ln  a  pa pe r ~w~ rT 1 1 erT'by  V.J.  Hamburger  and  E.R. 
Kaswell,  published  In  the  November  1043  Issue  of  "RAYON 
TEXTILE  MONTHLY' .  A  calculation  is  made  using  data  from 
the  autograph  recorder  to  obtain  the  elongation.  This 
calculator  takes  Into  account  the  .law  penetration  of 
cord  wrapped  around  the  capstans. 

3.  SEQUENCE  OF  TESTING :  The  rive  groups  of  lines  were 
tested  as  follows': 

(a)  Three  (3)  break  tests  were  made  on  each  group 
of  lines  to  determine  the  average  breaking  strength  and 
average  true  elongation  by  the  caliper  method. 

(b)  Five  (h)  static  elongation  tests  were  made  on 
each  group  of  lines.  The  effective  gage  length  method 
was  used  to  determine  elongation  from  the  tensllgrams. 

(c)  The  elongation  was  measured  at  50^,  ?&(•  and 
90 it  of  the  respective  breaking  strengths  of  each  group 
of  lines  from  the  autograph  records. 

(d)  The  "set"  of  each  group  of  lines  was  measured 
after 


5  minutes  ±  30  seoonds 
1  hour  ♦.  5  minutes 
2*  hours  ±  1  hour 
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STATIC  LIME  TESTS 


SECTION  III  -  STATIC  ELONGATION  TEST  RESULTS 

1.  CHARTS:  The  static  line  elongation  test  results 
are  tabulated  on  the  oharts  Pages  18  to  22.  The 
charts  show: 

a.  Average  breaking  strength  and  true  elonga¬ 
tion. 

b.  'fcffeetive  Gage  Length"  elongation. 

c.  Permanent  set.  This  measurement  Is  made 
between  original  5  inch  gage  marks  5  minutes,  1  hour 
and  24  hours  after  test. 

2.  ELONGATION  RATING  OP LINE  GROUPS:  The  static  elon¬ 
gation  bests  show  '^He  lines  to  have  the  following  per¬ 
cent  elongation: 

BREAKING  STRENGTH 


OROUP  NO. 

IBS. 

%  ELONGATION 

V 

580 

52.8 

IV 

.:>S 

41.8* 

III 

586 

39.3 

II 

317 

23.1 

I 

*64 

8.7 

♦The  Group  IV  lines  exhibit  elongation  qualities 
superior  to  all  other  groups  through  the  static  load 
range  0  to  336  lbs.  The  Group  V  lines  are  rated  second 
highest  in  the  range  0  to  336  lbs.  and  highest  In  the 
static  load  range  336  to  50O  lbs.  (See  Oraph,  Page  23.) 

3-  GRAPHS:  The  following  graphs  were  made  from  the 
data  obtained  from  the  static  elongation  tests: 

a.  %  Elongation  vs.  Load  -  Pounds.  (See  Page  23.) 

b.  (Permanent  Set)  Percent  Elongation  vs.  Time  - 
Hours.  (See  Page  24.) 

c.  Tensilgrams.  The  tensllgrams  of  the 
teats  for  eaoh  type  of  line  appear  on  Pages  23  to  29. 


vcADC  m  52-57 


l6 


1  . 


STATIC  LINE  TESTS 


SECTION  IV  -  DISCUSSION  OP  RESULTS 

1.  ACCURACY  OP  RESULTS:  The  percentage  of  error  be- 
tween  the  caliper  an<n?.Q.L.  method  was  found  by  divi¬ 
ding  the  difference  between  the  percent  elongation  of 
the  two  methods  by  the  true  elongation  of  the  caliper 
method.  This  error  was  less  than  10£,  amounting  to  an 
error  of  3/6^  inches  in  a  caliper  reading.  This  is  good 
accuracy  considering  that  the  reading  is  taken  in  mo¬ 
tion  Just  at  the  rupture  point  of  the  line. 

2.  PERMANENT  SET  MEASUREMENTS:  The  permanent  set  could 

not  be  measured  30  5  seconds  after  the  elongation  test 

as  this  did  not  allow  enough  time  to  return  the  tensile 
tester  to  no  load,  remove  and  measure  the  cord.  Instead, 
the  cord  was  measured  5  minutes  ±  30  seconds  after  the 
tests.  The  recovery  was  rapid  during  the  first  hour  and 
slow  thereafter.  The  purpose  of  this  measurement  was  to 
determine  if  a  parachute  that  was  used  two  or  more  times 
within  an  hour  would  still  retain  sufficient  elongation 
in  the  lines  to  reduce  shock  loads.  Actually,  the  lines 
recover  much  faster  after  drop  tests  because  the  loads 
are  not  as  high  and  last  only  a  few  seconds  as  compared 
to  9056  of  rated  strength  loading  on  the  machine  and  las¬ 
ting  30  seconds  or  more. 
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LINTS  ELONGATION  TESTS 


Similar  to 

Speolman  QrouP  1  ~  Artisan  Woainai  T,3.  420  Speo.  16142-A 


CALIPER  METHOD 
Break  Strength  Teats  in  Lbs. 

Sample  #1  450 

#8  ^77 

#  3  465 

464  lba.  o  Aver.  Br.  Str. 

418  lb  a.  O  90*  of  Avar. 

Br.  Str. 


Trua  Elongation  O  100 *  Br.  Str. 


#1  5.50  .5  in.. 

.50 

_in 

H  5*44  -5  in.: 

.44 

_ln 

#3  5*50  -5  in.= 

.50 

_ln 

Aver.  True  Elong. 

0  100*  Br.  Str.»_ 

.48 

_in 

-4^-  x  100  =  9.6* 

D  True  Elongation 


0  90* 

of  Breal 

£  Stre 

.0 gtlL— . 

Teat 

No. 

LmL 

aL 

aSo 

:  s 

5.44 

.44 

2.50 

5.38 

.38 

2.60 

True  Elong.  aL  ,  x  100=7.8  *  O  90* 

”T  &  of  Br.  Str. 


3 


L_ 

^  Average 
Sample 


5.38 

5.38 

5.38 


.38 i  2.50 

.38  ^  2.50 
- 1 — - 

.38  |  2.80 


*E.G.L.  ,.kA.3e  .r  =  33.i 

Elong.  by  S.G.L.,  ASo  .  2^58  %  100  ,  7.e* 
Method  ¥7571.  "3.1 

Elong.  O  100*  by  E.G.L.=  Z*2 =  8.7* 

•  y 


.39  2.58 


90*  Permanent  Sat  Aftar 


1 

2 

3 

4 

B  T 

Aaer. 


1 .0°  6.0 

>.05  6.2 


6.0 _ 2.30 _ _6_»S 


-.95  5.9 

1.00  6.0 

■  -  -  "  •  ~  . 

!_.30  6._9 

*•06  6.2 


2.25 

2.50 

2.60 

2.36 


6.9 _ 2^50j _ 7.6 

7.1  2.60 _ 7 19 

6.8  2.50 _ 7,6 

6.9  2.50  7.6 

7.9  2.80  8.5 

7.1  2.58  7.8 


5.25  5.25 

5^25 _ SjlISL 

5.25  5.25 


No.  a  So  Elong.  a  So  Elon*;.  ASo  Elong.  5  min.  1  hr.  84  hra. 


5.25  5.83  5.20 


*  Effeotive  Gaga  Length 


Datat  October  9.  1950 


L.D. 
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LINE  ELONGATION  TESTS 
Specimen 


Group  II 
V.'oven  Tubular 


Similar  to 

Nominal  T.S.  450  Speo.  AN-W-lOb  V/ebb^ 


CALIPER  METHOD 

Break  Strength  Tests  in  Lbs. 

Sample  til  515 
tiZ  515 

520 


if  3. 


517  lbs.  u  Aver.  Br.  Str. 


465  lbs.  O  90$  of  Aver. 

Br.  Str. 


True  Elongation  O  100$  Br.  Str. 

til  6.19  -5  ln.«  1.19  in. 

tiZ  6.21  -5  In.-  1.31  In. 

ti2  6.31  -5  in.=  1»31  In. 

Aver.  True  Elong. 

C  100$  Br.  Str.-  1»£7  in. 

1,S7~  x  100  =  25.4$ 


True  Elongation 


EFFECTIVE  GAGE  LENGTH  METHOD 


c  90$  of  .Brsak  Strength, 


Test 

NO. 

1 

2 

3 

4 

5 


L  ♦  aL 

6.06 
6.00 
!  6.06 
6.06 
6.00 


aL 


i 


ASo 


True  Elong.  Ai  .  1.04  x  ioo=2 

5 


o  n$  O  90$ 
ot  Br.  Str. 


-4 


1 1.06  i  5.75 

|  '  t . 

'1.00  1  5.75 


♦E.O.L.  L*a3c 
"■a!T” 


5  *  --  20.17 

1.04 


Average 


1.06  5.75 

1.06  !  6.30  ! 

■  . “1 

1.00  ;  5.75  1 

|  5.86 J 


Elong.  by  E.G.L.  aSo  .  j>«86  x  100  =  20.8$ 
^6thO(3  K*G»L#  28tl7 

Elong.  Q  100$  by  E.G.L.=  =  23.1$ 


1.04 


Sample 

50$ 

70$ 

90$ 

Permanent  Set 

After 

1 

No'. 

A3q 

Elong. 

A  SO 

Elong. 

ASO 

Elong. 

5  min. 

1  hr. 

24  hra. 

l 

1 

4.45 

15,8 

5.10 

18.1 

5.75 

20.4  1 

5.31  ; 

~ . 

5,25  | 

5.25 

| 

t 

2 

1  4  45 

15.8 

5.10 

10.1 

5.75 

20.4 

5.31  ] 

5.25 

5.25 

3 

•  ’ 

4.50 

16.0 

5.15 

18.3 

5.75 

20.4 

l 

5.31 

5.25 

_ 1 

4 

-  • 

4.85 

17.2 

5.55 

19.7 

6.30 

22.4 

"  i 

5.38 

5.25 

5.19 

1 

1 

5 

t~  - 

;  4.40 

15.6 

5.10 

18. 1 

5.75 

20.4 

^  „ 

5.25 

5.25 _ 

1 

=1 

Aver. 

f — ' 

;  4.53 

li _ 

j  16.1 

5.20 

18.5 

5.86 

20.8 

L?.-s* . 

5.25 

5.23 

*  Effective  Gage  Length 
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I 


LINS  ELONGATION  TESTS 


Specimen  Qroup  III  Nylon  Line  Nominal  T.3.  550  spec.  AN-C-63  Type  III 


CALLVSR  METHOD 

Break  Strength  Testa  In  Lbs.  Tru< 

Sample  #1  590  jj 

#2  565  i 

#  S  604  -  ^  i 

586  Iba.  O  Aver.  Br.  Str.  i 

c 

527  lbs.  o  90$  of  Aver. 

Br.  Str. 

EFFECTIVE  GAGE  LENGTH  METHOD 


True  Elongation  100$  Br.  Str. 

#1  7.13  .3  In.*  2.13  In. 

#B  7.00  .5  ln.=  8.00  in< 

13  7. SI  ~S  in.s  2.31  in. 

Aver.  True  Elong. 

C  100$  Br.  Str. »  2.15  in. 

X  loo  =  43.$ 

5  True  Elongation 


Teat 

No. 

L+  aL 

AL 

aSo  1 

_ | 

1 

6.75 

1.75 

9.55  ! 

2 

6.75 

1.75 

9.60  1 

- 1 

3  6 

4  6 

3  6 

Average 


Sample 


True  Elong.  a L  _  ■:^7—  x  100=35.4  $  o  90$ 
"T  0  of  Br.  Str. 

♦E.G.L.  ,L-aSo  .  5.*-P^64  s  27.23 


6.81  1.81  !  9.70 

|  Elong.  O  100$  by  E.G.L.=  55*$  =  39.3$ 

6.81  1.81  9.80  .9 

6.75  1.75  9.55 

e  1.77  9.64 


90$  Fermanent  Set  After 


No.  ASo  Elong.  A  So  Elong.  aso  Elong.  5  min.  1  hr.  24  hrs. 


1 

2 

3 

4 

3 

Aver. 


7.05  25.9  8.35  30.7  |9.55  35.1  _  5.!Z5_i_5^5 

7^20^ _ 26.4  8.50  31.8  fc.60 _ 35.3 _  5.75  j  5.5 

7.20  26.4  8.50 _ 31.2  9.70  35.6  5.75  j  5.6: 

7.35  27.0  8.65  51.8  9*80  56.0  5,75  1  5.5 


31.8  MO  35.5 _  5.75  j  5.56  5.50. 

j  I  1 

31.2  0.70  35.6  [  5.75  i  5.63  i  5.56 


Ir  .16  86.4  8.49  51.2  |9. 64  35.4 

*  Effective  Gage  Length 
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5.75  5.56  5.50 
5»fli  .  .5..5&—  5.56 

5.76  5.56  5.52 

a*.  ... L.  D • 


LINS  ELONGATION  TESTS 


Similar  to  material 
furnished  Wright 


3 n*nlra an  Group  IV  Nylon  Line  Nominal  T.S.  ?s0  _3peo.  Flel<3  on _ 

p.o.  3^-096-49-82 IE 

CALIPER  METHOD 

Break  Strength  Teste  in  Lbe.  True  Elongation  0  100*  Br.  Str. 

Sample  #1  258  #1  7.?2_-5  ln.»  2.32  in. 

#2  350  #£  7.15  -5  ln.=  S.lg  in, 

#  3  340  #3  7,25  -3  in.-  g*25  In, 

226  lbs.  O  Aver.  Br.  Str.  Aver.  True  Elong. 

-  O  100*  Br.  Str. a  S.22  jn. 

e  90#  of  A. or.  ^  T  100  »  44.6^ 

5  True  Elongation 

EFFECTIVE  PAGE  LENGTH  METHOD 

a  90*  of  Break  Strength.  True  Klong.  A L  .  I*§§x  ioo«37.6  *  O  90* 
Teat  L*  aL  aL  aSo  **  or  Br#  stF# 

No 

— • - *g.O. L.  L-a3o  _  5  r  9.19  _  24.44 


Elong.  *  100*  by  E.G.L.=  =  41.8* 


£*££  T  100  *  44.6* 
-  True  Elongation 


Teat 

No. 

L*  aL 

AL 

ASO 

1 

6.88 

1.88 

9.90 

8 

6.88 

1.88 

8.90 

3 

6. 86 

1.88 

9.00 

4 

6.88 

1.88 

8.95 

3 

6.88 

1.88 

9.20 

I  Average 

1.88 

9.19 

Sample 

No. 


A  So  Klong. 


7.50  20.7 


6.60  27.0 


27.4 


70*  90*  Permanent  Set  After 

ASo  Elong.  asc  Elong.  5  min.  1  hr.  84  hrs. 


8.70  25.6  19.90 


7.80  21.9  8.90 


7.80  31.9  9.00  36.8 


7.80  31.9  8.95  36.6 


8.05  32.9  9.20 


6.88  28.1  8.03  22.8  9.19 


5.88 

i 

5.69 

5.88 

5.69 

5.88 

5.69 

5.38 

5.75 

BBS 

5.75 

cc 

cc 

• 

IT; 

5.71 

5 


5.56 


5.50 


6 


5.55 


*  fiffeotive  Gage  Length 
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T 

i 

LINK  ELONGATION  TEST 3 _ 

Group  V,  Nylon  Lina 

Specimen  yonnio  Acid  Treated  Nominal  T.S. 


Similar  to 
550 Spao.  MIL-C-5040 


Break  Strength  Teat*  in  Lba. 

Sample  #1  575 

#8  585 

#  5  580 

560  lba.  O  Avar.  Br.  Str. 

522  lba.  O  90*  of  Aver. 

Br.  Str. 


True  Elongation  O  1005  Br.  Str. 

#1  7.69  .5  In..  2.69  jp. 

jt  7.69  .g  in.=  2.69  in. 

jS  7.7'i  -5  In. .  2.75  jp. 

Aver.  True  Elong. 

O  100*  Br.  3tr.»  2.71  in. 

*  100  =  54. £5 
s  True  Elongation 


r^—  -  -  .  i  riai  amo  maa 

Teat  L+aL  aL  aSo 
No. 


True  Elong.  a  L  _  x  100=47.6  <  O  905 


of  Br.  Str. 


““  -  —I  *E.0.L.  J^a3o__  S  1  18.32  3  25.88 

1  _ 7.44 _  2.44  12.30  ^TE  2.38 

2  7.19  2.19  12.00  Elong.  by  S,Q.L.  ASo  _  If. 32  T  100  =  47.65 

- - —  Ifethod  ‘m.*  25.88 

3  7.44  2.44  i  12.80 

- -(——I  sxong.  0  1005  by  E.G.L.=  47.6  .  5£  ^ 

4  7.38  2.38  12.10  *9 

8  7.44  2.44  12.40 

Average  2.38  12.32 

Semple  505  705  905  Permanent  Set  After 

No.  aSo  Klong.  ASo  Slong.  ASo  Elong.  5  min.  1  hr.  84  hra. 


9.4q  36.3  10.95  42.3  18. SC  47.5  6.19  5.94 


35.2  10.60  40.9  18. OQ  46.3 


38.3  11.45  44.2 


49.4 


9. id  35.5  10.70  41.3  12. 1C  46.7 


9.401  36.3  10.95  42.3  18. 40  47.9 


9.39  36.3  10.93  42.2 


*  Xffeotlve  Gage  Length 


— 

6.19 

5.94 

- 1 

5.81 

6.25 

w 

5.75 

6.25 

5.94 

5.75 

6.75 

5.88 

5.69 

1 

1 

S.7R 

6.34 

5.91 

5.75  j 

Pate:  October  9,  1950 
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INCHES 


mm 


POUNDS 


A0° 

Figure  4 


GROUP  I,  FORTISAN 


it: 


Wsi&mi 


HSHttU! 


Uh 
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:lHi 
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POROSITY 


SECTION  I  -  OENERAL 

1.  SI ONTFIC ANCE  OP  POROSITY:  The  permeability  of  the 
fabrTc^has  o'oneTderaFIe  “effect  on  the  opening  time  and 
opening  shook  foroes  of  a  parachute,  its  action  is  two 
fold,  &  high  poreslty  increases  the  opening  time,  thus 
reducing  opening  shook  by  distributing  it  over  a  longer 
period  of  time;  it  also  reduces  opening  shock  directly 
by  permitting  more  air  to  escape  through  the  fabric. 

In  this  investigation,  porosity  of  the  fabric  was  care¬ 
fully  checked  to  find  any  changes  that  would  be  of  suf¬ 
ficient  magnitude  to  appreciably  affect  canopy  loads. 

SECTION  II  -  POROSITY  MEASUREMENTS 

1.  POROSITY  MACHINE:  All  porosity  measurements  were 
made  on~fHe  Frazier  Air  Porosity  Tester,  an  orifice- 
type  flowmeter.  (See  Figure  3,  Page  fl4  .)  Pressure 
differential  across  the  orifice  is  converted  to  por¬ 
osity  reading  by  the  use  of  calibration  charts.  (See 
Bibliography,  Page  223  ,  No.  2. 

2,  SEQUENCE  OF  MEASUREMENT:  During  the  fabrication 
of  tTST  oanopie's,  the  material  underwent  sufficient  man 
ipulation  to  stabilize  the  porosity.  Hence,  there  was 
little  variation  in  porosity  due  to  subsequent  hand¬ 
ling.  After  fabrication,  porosity  measurements  were 
taken  on  all  canopies.  On  the  24  ft.  canopies,  poro¬ 
sity  measurements  were  taken  on  all  panels  of  each 
gore  with  the  exception  of  the  top  panels.  The  top 
width  of  the  panel  was  too  small  to  fit  over  the  fa¬ 
bric  orifice.  Porosity  measurements  were  taken  on  all 
panels  of  each  gore  of  the  30  ft.  canopies. 

Porosity  measurements  were  taken  after  each  tower  test 
of  the  24  ft.  and  30  ft.  parachutes.  After  the  100 
MPH  teat,  porosity  was  measured  on  all  panels  of  each 
gore  of  the  24  ft.  canopies  with  the  exception  of  the 
top  panels.  All  panels  of  eaoh  gore  on  the  30  ft.  oano- 
plea  were  measured  for  porosity  after  the  100  MPH  testa. 
After  the  150  MPH  tests,  random  porosity  measurements 
were  taken  on  the  24  ft.  and  30  ft.  o&noples.  After 
the  200  MPH  tests,  all  panels  of  each  gore  en  the  24  ft. 
o&nopies  were  measured  for  porosity,  with  the  exception 
of  the  top  panels.  Random  porosity  msasurements  were 
taken  on  the  30  ft.  canopies  after  the  200  MPH  tests. 

For  porosity  measurements  at  the  various  launching 
speeds,  see  the  poreslty  charts.  Pages  34  to  188. 
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POROSITY 


SECTION  II  -  POROSITY  MEASUREMENTS  (CONT'D) 

3.  HUMIDITY:  The  effects  of  humidity  on  the  results 
of  porosity  measurements  were  considered  and,  where- 
ever  possible,  measurements  were  taken  at  times  when 
there  was  but  small  deviation  from  the  ideal  condi¬ 
tion;  65#  relative  humidity  and  a  temperature  of  70°P 
being  recommended  as  the  ideal  condition  for  the  tak¬ 
ing  of  porosity  measurements. 

4.  AVERAGE  POROSITY  AMD  VARIATIONS  OP  POROSITY:  The 
average'  "porosTt'y  oT’the  24  "f €T  oanopfe's  was  “98788 
(ft.3/min. )/ft .2  for  the  entire  range  of  launching 
speeds.  The  average  porosity  for  the  30  ft.  canopies 
was  90.46  (ft.3/min.)/ft.2  for  the  entire  range  of 
launching  speeds.  The  maximum  variation  of  the  24 

ft.  oanopies  oyer  the  entire  range  of  launching  speeds 
was  15.30  (ft.3/min. )/ft.2,  while  for  the  30  ft.  can¬ 
opies  the  variation  was  11.13  (ft .^/min. )/f t.2. 

5.  EFFECTS  OP  POROSITY  ONJteSULTS:  It  wrs  found  that 
the  variation  in  porosity  was  not'of  sufficient  mag¬ 
nitude  to  materially  affect  the  results  of  the  inves¬ 
tigation. 


TABLE  I 

EFFECT  OF  POROSITY  ON  OPENINQ  SHOCK* 


For  the  porosity  range,  86,0  to  110.0  (ft.^/mln. )/ 
ft.2,  the  following  table  gives  the  proportional  increase 
in  opening  shock  per  unit  decrease  in  porosity  at  the  de¬ 
signated  launching  speeds. 

Launching  Speed  A  Opening  Shock 


MPH 

lbs . 

100 

3.33 

150 

6.66 

200 

11.05 

♦See  Bibliography,  Page  223  »  No.  3. 
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SECTION  II  -  POROSITY  MEASUREMENTS  (CONT’D) 

Referring  to  Appendix  "D",  Page  205  ,  Table  V  ,  the 
average  opening  shock  of  Groups  III  and  IV  are  equal 
(550  lbs.)  The  variation  in  porosity  is  l.b5  units. 
From  Table  I  ,  Appendix  "C" ,  Opening  Shock  at  100 
HPH  is  3*33  lbs.,  hence.  Group  III  must  be  decreased 
by  the  amount  (1.85  x  3.33  -  6.161  lbs.).  This  would 
make  the  Qroup  III  opening  shock  equal  to  (550  - 
6.161  «  5^3.839  lbs.  or  544  lbs.).  Group  III  in  this 
case  would  be  rated  superior  to  Group  IV  in  shook  ab¬ 
sorbing  capacity.  In  all  other  cases,  the  effect  of 
porosity  on  the  opening  shock  bears  out  the  tabulated 
ratings,  thus,  necessitating  no  corrections. 

SECTION  III  -  CKkRTS 

1.  POROSITY  CHARTS  BEFORE  AND  AFTER  TESTS:  All  por- 
onity  measurements  taken  are  recorded  on  the  porosity 
charts  for  the  24  ft.  and  30  ft.  canopies.  (See  Pages 
34  to  188.) 

2.  AVERAGE  POROSITIES  BY  LINE  _G ROUPS:  Average  poro- 
altles  for  each  group  aCTKe  various 'launching  speeds 
appear  on  the  charts  in  Appendix  "D",  Pages  194  to  203 . 


%ADC  TR  53-57 


33 


POROSITY  MEASUREMENTS  24  GORE  CANOPY 


BEFORE  TOWER  TESTS 


# 


BEFORE  TOWER  TESTS 


POROSITY  MEASUREMENTS  24  GORE  CANOPY 


SERIAL  NO.  350204 
TEMP._  '{f_  *F 
HUMID  67  % 


AVtRAGt  POROSITY'  90.4 

WADC  jg  52-57 _ 21 


p*te.  &/Z7J5Q 
_ ZdS _ 


POROSITY  MEASUREMENTS  24  GORE  CANOPY _ BEFORE  TOWER  TESTS 

SERIAL  NO.  _ 


TEMP_<S/_  *F 
HUMIO  70  % 


pate  C/iL  //S, 


A/tRAGt  POROSITY'  /C'6.  / 


POROSITY  MEASUREMENTS  24  GORE  CANOPY 


SERIAL  NO.  _ 

TEMP  73  *F 


BEFORE  TOWER  TESTS 


HUMID  6S^% 

'Y/% 


Z  90.4  /K  90.4  93.  7 


/f9,  s  V 


'V  ( 


\9t.5 > 


94.3/  \  92.6  \/7/.6  \/t0.7  \  776.7  720.6  \/7 A 


SV  / 

V  764 


,72.5 


91.5 


99.8  \708.9\94. 7  97.9/94, 7 


98.9 


777  6 


708.6' 


87.7 


72.6 


726.0/  95.3 


67.2 


[709.8 


770.7 


89.4 


85.9 


37.2 

76.4 


64.8 


725.7 


y  80.0  7  j  j^Y  \ 

Srw« w>A  / 


X 


/os.o 


777.9 


30.0  l  83.5  70801/03.5  \  774.3 


90.4 


707.6  %\ 


y  99.3  i/08,6\\.  92.6 


A'tWAGk  WAOSITY  97.4 


POROSITY  MEASUREMENTS  24  GORE  CANOPY 


3EF0HS  TOVEli  TESTS 


AVERAGE  POROSITY  ■  J/.  O 

H4DC  JR  53-57 


DATE 


BEFORE  TOWER  TESTS 


POROSITY  MEASUREMENTS  24  GORE  CANOPY  BEFORE  TOWER  TESTS 


SERIAL  NO.  _ 

TEMP._  ^  *F 

HUMID  *•**%  _  * 


JJfefrfpf'TV  .* 


POROSITY  MEASUREMENTS 


24  GORE  CANOPY 


BEFORE  TOWER  TESTS 


POROSITY  MEASUREMENTS  24  GORE  CANOPY _ 3EF0RE  TOWER  TE3T3 

SERIAL  NO.  3SO&C 


TEMP. _  &0_  *F 
HUMID  ^"7  % 


BEFORE  TOWER  TESTS 


POROSITY  MEASUREMENTS  24  GORE  CANOPY 


SERIAL  NO.  3SV2/7 


TEMP._  7J_  *F 
HUMID  66  % 


POROSITY  MEASUREMENTS 


24  GORE  CANOPY 


BEFORE  TOWER  TEST 3 


BEFORE  TOWER  T58T9 


POROSITY  MEASUREMENTS  24  GORE  CANOPY 
SERIAL  NO.  3SpJ!/9_ _ 


TEMP.  -76_*J 
HUMID 


A/tRACt  POROSITY  1  S4,e  PATE  7/ZO/SO 

*XDC  TR  53- *57  rp  by 


POROSITY  MEASUREMENTS  24  GORE  CANOPY 


BEFORE  TOWER  TESTS 


'*****mmmmm 


POROSITY  MEASUREMENTS 


24  GORE  CANOPY 


BEFORE  TOWER  TEST 3 


POROSITY  MEASUREMENTS 


24  GORE  CANOPY 


BEFORE  TOWER  TE3T3 


wmmmmrn 


mW-"™ .aTSTyyjfTJW****.."?***  Jj»T?r'>i^"-rvT  u,-vyi»r>. 


POROSITY  MEASUREMENTS  24  CORE  CANOPY 


BEFORE  TOWER  TEST 


A> 


BEFORE  TOWER  TESTS 


BEFORE  100  M.P.H.  TEST 


POROSITY  MEASUREMENTS  30  GORE  CANOPY 


SERIAL  NO._vso.  • 
TEMP._C.J_  y 

HUMID  ;/<.  % 


AVERAGE  POROSITY 


l  me  HR  P52-S7 


93  & 


ti  ■'  o 
i  .  o 


65 


DATE 
BY _ 


lf23 


POROSITY  MEASUREMENTS  30  GORE  CANOPY _ BEFORE  100  M.P.H.  TEST 

SERIAL  N0._35p2.33 _ 

TEMP.  JIM _  *F 

HUMID  % 


AVERAGE  POROSITY 

wadc  m  52-57 


66 


1 1  .^-Vff  &*>&.  VW >v  ,’ w^rv. >  •  i  ^ Y*J"WT®T|?'Y;\ t-¥j: 


PQROS»TY  MEASUREMENTS  30  GORE  CANOPY _ BEFORE  100  M,P.H.  TEST 


SERIAL  NO.^^o^.^L 

TEMP.  jn_  *F 

HUMID  no  % 


AVERAGE  POROSITY  IQO.’Y 

wadc  IB  5^57 _ 


iL 


PATE  II'  50 
BY  V-  .N>  , 


POROSITY  MEASUREMENTS  30  GORE  CANOPY _ BEFORE  100  TEST 

SERIAL  NO.^^O^JVb 
TEMP._7_0  *F 

|  HUMID  65  % 


BEFORE  100  M.P.H 


POROSITY  MEASUREMENTS  30  GORE  CANOPY 
SERIAL  N0._3r_o 
TEMP.  j/_t\  *F 

HUMID  (,T»% 


f 


f 


POROSITY  MEASUREMENTS  30  GORE  CANOPY 


SERIAL  N0.35O^c,__ 
TEMP  12.  °F 


BEFORE  100  N.P.H. 


HUMID_G'4% 


SO. 4 


9°«  *.«.  h6.6  r  A\ 


64.7 


I t>*7  .  | 
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/  7<2<5  /  7<9.S  \e9^  X - - - 2^ 

9/o\$ol  /&*£ggi0^^ 


AVERAGE  POROSITY  »  <69.  <9 


DATE  Z-/9-S/ 
■Y  /»g. 


POROSITY  MEASUREMENTS  30  GORE  CANOPY 


SERIAL  NO  _3 PPJ*JL? 
TEM 

HUMlD^p-3^ 


AFTER  100  M.P.H 


/Or/ 


702. 5 


t00.7  704  4  /0/.6 


/ 0/6 


/05.3 


/04.4 


/0/6  V07./\/Ofi9l/ov/ 


109.8 


/oa.o 


/OS.  3 


98  9  ' ,/aJ  3 


107  /  X  !  /0 8.0 


92  6 


/ 05.5 


>£6\  92.  € 


706.  £ 


93  e 


/e>9. 9  /  SOX 


/o44 


/O  7/ 


to4.4 


700.7 


/04.4 


/or,/ 


ms  > /044 


ZdO.  7  \ 


10  6  7  \  93.8  \  M8.0 


V^T\///6 


/OS.  3 


//O'/ 


99.0 


y089. 


/OSS  /K,o3'S 


/oaYUtrz. 


/ 09.8 


JO 4, 4 


r  u 


'/044 


\  /oe.  9 


(96.8  /  Y^5 

\  1 9S.8±9fi.9\m.2A - - 


\y  «>*'  / 

Nsv<a? .s  A  9S' 9 


/\^8.9  > 

rJoo.o/y 

ms  J  jjsjf 


O' 


*  r  \  *».r  \ 

/  90X  94  7  \/0/.6 /T — 

*/  \ 

^xP/ono' 


average  porosity  •  /Oil .  / 
KADC  TR  cy2-it7 _ 


DATE  ill ZdL-JiL- 
■v  /  j  Oi _ 


■-'•***?** 


wsp*'5*'**'* 


POROSITY  MEASUREMENTS  30  GORE  CANOPY 

SERIAL  _ 

TEMP/^CfF 

humid#>&*  f  .''771, 


AFTER  100  M.P.H. 


Ko.-fl  ' 
<  3fl.3 


^  30  o 


POROSITY  MEASUREMENTS  30  GORE  CANOPY _ AFT1R  100 

SERIAL  _ 

tempos# 


HUMIQft>3% 


AVERAGE  POROSITY  <W-  * 
_)»TV'  mo  cO  C7 


OATE 


2-26-5/ 


12*+ 


1Y 


POROSITY  MEASUREMENTS  30  GORE  CANOPY 

AFTER  100 

SERIAL  N0.J5 
TEMPflrjgTF 


125. 


AVERAGE  ROROSITV  dS3 

VADC  TR  S2-R7 _ 


DATE  2-/9-S/ 
Vt _ - 


- , - — - 

POROSITY  MEASUREMENTS  30  GORE  CANOPY 

A  FT  SR  100  N.  P.H. 

POROSITY  MEASUREMENTS  30  GORE  CANOPY 


SERIAL  N0  35<p2*_5___ 

TEMP ffVfrfF  " 

hum id^2^  V 


AFTER  100  M»P«K. 


89.4-  \  <5/2  8Z.4 


€U  ** 


<55; » 


.52-^ 


;*<5  75.5 


55.  o  /  W3^. 

^J77.6  X/§& 


699 


/8Z4 


^  *5>>5  / 

i  9. 7 ^>5/ z\  \  Vi^K/  /  /^*Vi  \\ 

J&.£  /\ 

/  / 89.4-  77,6  /  /  /ft**7! 


55  5 


VfADC  1R  ^-67 


lA'iU/it  Vkli.L-A.^4  l',  <fr-  \«iL»  -iil  i-.i/'L'J i  ..  lA jjfcWjUi*  f 


I 


POROSITY  MEASUREMENTS  30  GORE  CANOPY 


SERIAL  NO.  3502  4  7 _ 

TEMP.^f^F  " 

HUMID#-#* 


AFTER  100  M.P.H 


9L5  \//6./  \  104.4 


JOS.  3 


//3.4 


966 


,95.7 \735\S5.B 


94,7 


<66.3 


69.  9. 


96  3 


'77A  83.5 


76.4- 


74.8 


96.8  y  ^.6 


/6*37% 


S3  5  \  80.0 


6a.  / 


95.8 


8Z.4  SW-3- 


M'6Y%$A 

\  /  H  97 


78.0  y A 84.7  r*( 


/sf/' 

|oL/^9sv^- — /  7\ \ 

///7-9  /  \ 
■t0T[  90.4  /  /  ms\ 


SAP  \  7/J  \^£0. 6 


69.0 


Li 0.0 


74.8 


98  9 


89.4 


76. 4 


764W4 


75.  6 


88  8 


68/ 


76.6 


69.9 


*/  96.3 


66. 7  J 635  \  77.6 


/an.  7 


r/66 


99.6  /  /  T  \  //4. 3 


//0. 7  \/34.7\68.t 


06  1 : 


68./  H&rJlO 


I  AVERAGE  POROSITY  •  ? 

baacja^si _ 


DATE  8 

/?-■•>/ 

VfJL.6L 

JjLGA 

POROSITY  MEASUREMENTS  30  GORE  CANOPY 


SERIAL  NO. 


TEMP.^fiTF 


AFTER  10©  W.P.H 


102.5  \  83.Z  9+7 


94  7  \  /a/. 


//+.3 


8Z.4- 


80.0 


,/0J5  '  968  V« 

\  7.  /  y\\ 

,\^L7a2f<y' 


94-7 


\8a3 


X'LLyXev^i 


8£.+ 


783.5 


,52.4s 


l»/  /08.O 


[8/. 2  /  \  Wo 

\  76.8  I  76,4  \S4  7A~~— 


73.3 


\624- 


JOO.V  f\/°9.8 


68.6 


\87/^23.s 


average  porosity  38/ 


PATE  t-2!-5(_ 
■Y  E.  P._ _ 


"A 


POROSITY  MEASUREMENTS  SO  GORE  CANOPY  i 


SERIAL  NO .35024-9 
TEM 

HUMIP#J£I% 


AFTER  100  N.P.H. 


95.8 


J035 


99-6 


63.5 


it0S.3\947  044 


/ 


M**' 


Jt4J' 


96.6 


,98.9 


'96.6 


$  97.9 


mff' 


9  7.9 


96  9 


iHT  rm 


006.£ 


/OZ.S 


tOO.  7 


90.4 


t/)44/  /a7  /  - 


/Oa.o\  96.9  Xtesj^ra&t 


tOO.  7 


196.6 ' 


///.£ 


/O  7./, 


^ 97.9  /  f09  °  / 
99.6  /  /  / '<01.6 


99.6  \  94.  7  \sft9j 


ttt.S 


96.6 


\°y 


99.8 , 


t&Wt, 


atCx 


97.9 


97.9  > 


'/06g 


eg. -4) 


i6a.3 


tOO.5 


I*/  94.7 


l404.4XtOSAm-.4y 


toes , 


17/  f\394  I  T 

90*A*Xt\K+ 


tOZ.3 


Aveiuue  porosity  96.7 


day*  Zz.2  6~  St 
mi  to 


POROSITY  MEASUREMENTS 

24  OORE  CANOPY 

AFTER  ISO  IUP*H. 

SERIAL  NO.  3F0Z04- 
TEM  P_6£_*F 

HUMID  /6  % 

AVtKAOC  POROSITY' 


date  £  «?  S/ 
■v  S  •  £ 


;x\  c-i  h’wrAh  tuimw  fm  Tri"— ~w“" ^"1*  ■“---— -  ;-*W'**«  1 r- 


meto* 


POROSITY  MEASUREMENTS  24  CORE  CANOPY  AFTER  ISO  H.P.H. 
SERIAL  NO.  230ZJ6 _ 


TEMP  _*J9_ 
HUMID  £5  % 


AVlIWet  WWSITY  >  WO.  3 


DATE  tj-S'SD 

>Y  A .  V  ■ 


POROSITY  MEASUREMENTS  24  GORE  CANOPY  AFTER  150  M.P.H. 


SERIAL  NO. 
TEMP_73_*F 
HUMID  £$  % 


AVERAGE  POROSITY'  /Of.  & 

WADC  TR  53-^7 


1VJ 


DATE  /Z~8'50 
BY  /'G 


POROSITY  MEASUREMENTS  24  GORE  CANOPY  AFTER  150  M.P.H. 
SERIAL  NO.  _ 


TEMP  7£_  ®F 

humid  /O  % 


Avuuet  porosity  i  9&.  6 

Wa  m  _ 138 


DATE  /Z  ~S0 


\ww*  ¥****nMfcV*-  t-r^r^.. 


-■  •  *.>,'>  /-*#•**■'.  jH'WVi  l 


POROSITY  MEASUREMENTS 


SERIAL  NO .MOZ3& 


TEMP.fjj^fF 


humid $0-Jd% 


30  OORE  CANOPY 


APT*R  15©  M.P.H* 


*?  77  6 


> 


-A  i 

|  rt'i 


*/  W.6 


/ 


>1694- 


*/S  / 


AVERAGE  POROSITY  £ 3  t 


DATE 

■Y  I  Q. 


AFTER  150  M.P.H 


AFTER  150  M.P.H 


AFTER  150  M.P.H 


POROSITY  MEASUREMENTS  30  GORE  CANOf  Y 
SERIAL  N0.35p/_4  7__ 

TEMP2£-$fF 


AVERAGE  POROSITY  A?.  4- 

WDC  a  52-57 _ IM 


DATE  3' 2  -S/ 

BY  ^  4*  f'r,  /■/ 


POROSITY  MEASUREMENTS  30  GORE  CANOPY  AFTER  150  M.P.H. 

SERIAL  NO.  3 5 _ 

TEM  *1SzWJ 


pnRnfiiTY~MEASUREMENTS  24  GORE  CANOPY - AFTER  200  KJMi 


SERIAL  NO.  JSQAQ& _ 

temp.#*6£!LF 


POROSITY  MEASUREMENTS 

24  GORE  CANOPY 

APTER  200  M.P.H. 

SERIAL  NO.  _3 5 02 O 3_ 
TEMP. 

HUMID^-7^ 


azA  *• 

"74/  /Nv  /  63.5 


/06.7 


84*4 


65. i 


80-4/  I  94.7 


80.0 


84.7 


78.  Q  /  ?7.fl  /7a. 8 


^s/.rr  y — 

.  01 -2-  \6 0.0 

764?\  //d.o>^ 


77.6 


AVERAGE  POROtITY 


,  02.4 


PATE7MArnsi 
GY  Z.Z>. 


POROSITY  MEASUREMENTS  24  GORE  CANOPY  AFTER  200  M.P.H. 


SERIAL  NO.  350E04 
TEM  P&B&J 
HUMIO^Q;^. 

^\\n <>/\\  I 


117.0 


sgg 


ii  a .  5  >4* 0  ^ 1 

1H. 5  \ 

•W‘\  1H.3  1062 


//M 


B 


106.2  II  10.7/  loa.O  /  \ 

//5.2  / 


i3aoY^2‘7F24-2 


a 


117.0 


|08.O  /  124.2 


J  07.8 


J24.2 


6^.4 


65.^ 


9*7^ 

v  72.6 


68^3^ 

\60.0 


117.0 


734K 

,o8*9Jkj/7/ 


120.6 


78.1 


y85^.^? 

"”A“7« 


/ 

70.4 

r 

l\3.4 

N 

7/. 3 


63.8  \  //oaz 


76.6  3 


DATE  6  MAY  I  ^5 1 


POROSITY  MEASUREMENTS 

24  GORE  CANOPY 

AFTER  200  M.P.H. 

SERIAL  NO. 

TEMP^-filF 

HUMID,#)-#^ 


108-9 


108.0, 


\* '  v  {  q  n 

/ioo.vj^= 


109  .er 


103.5 


fca.a  U*3.5>  pn.a  / 

1 1 2.5  \  /K  /  Aa^  V  U7*° 


105.5 


txmn.o]uo:/j 


66.3 


105.3\  Qo. 


if  fi.8\ 

I06A 


'110.7, 


87.9/  96-9 


64.7 


106.2 


5053 


IIZ. 


1/4.3 


116.1 


\30.O 


i?a 


93.7  [X 


120 


98// 


94.7 


|044 


7/.5 


12  V  2 


110.7 


95.6 


107.1 


60.0  \||q7 


115.7  114.3  112,5 


109.8 


1 30.0 


107.1  /  76.  1 


103.5 


127.6 


r3"V\  a^-7 


101.6 


Q4.7XI06.0 


|0o.C 


119.7 


92.6/  /  -4/  \  75.6 


87.1  77.6  77.6 


114.3  5 


107.1  /126.8^//Il3.4li 


average,  porosity  *  >  04*6 


oate4  MAY  195 1 


P**'***#  >1-  .p«t-}v. 


p 

POROSITY  MEASUREMENTS 

24  GORE  CANOPY 

AFTER  200  M.P.H. 

SERIAL.  NO.  ,35020  6 

TEMPZ£g£F 

HUMID 


131.6 


122.4  •°4'^ 


116.6 


130.6\  l0(,.2 


47.4 


106.0 


MSI 


114.3^  '  '  XIZ6-6 


117.0 


I0%8 


46& 


121.5 


113.4 


128.4 


125.1  r 
133.21  /l2**5 


13.4 


81.2- 


114.7 


,,7*°/  ,,L6  /  110.7 


130 .8 


131.6 


|07.l 


120.6 


1 04. 8 


94.7 


85.9 


107.1 


78.4 


88.3 


88.3 


116.8 


43.7 


121.5 


/  108.W  M  Y  \  \44.7 /A  105.3 

^^/ll^y  /  1  \|03.5 

5.2  /loS,3/87.1\40.4> - \j03.5 

V  _  /  \  85.4 


8^.4 


126.0  A  122.4 
in.o\  / 


/  121.5  / 108.7  \  110.7 
\20.<» 


AVERAGE  POROSITY'  IIQ.S 


DATE  4  MAY  115  I 


24  GORE  CANOPY 


AFTER  200  M.P.H. 


POROSITY  MEASUREMENTS 


SERIAL  NO.  350207 


TEMP.#£&tf 


POROSITY  MEASUREMENTS 


?A  GORE  CANOPY 


AFTER  200  M.P.H. 


24  GORE  CANOPY 


AFTER  200  M.P.H 


POROSITY  MEASUREMENTS 


SERIAL  NO .£502/0 

TEMP.7£££F 

HUMID£)J0% 


AVMAOE  POROSITY  ■  tOf-  & 

Hfiiyi  «m  KP-K7 _ 158 


DATE  r  ?-5/ 

AY  IQ 


POROSITY  MEASUREMENTS  24  GORE  CANOPY  AFTER  i 


SERIAL  NO.  J&OZJJ _ 

TEMP.£r-Q£fF- 
HUMID£Q:ft£o 

^5SS:::===:^^ 

pa.  7 

1*108.0  \  /  /\!|4. 


„  87.1  \  / 112.5 

120.6  \  /Tv  /  / 


AFTER  2M  M.P.H 


7  x  8M 

'  '  *15.2 


*05.3  >/  102.3 


10 1.6 


96.8£24/l27.6/  \/S4.6  / 

1126.0' 

in.vT  io4.4 


116J 


121.5 


117.0 


II  4.3 


98.4 


^7.0958117.0 


II U  /  116.1  . 

/1 044 


1 14.3 

||^pV'^‘7  \l 1 2.5 


[04.4 


109.8 


115.2 


112.5  X  123.3 


110.7  7\  107.1/  I  X  \»0o° 


III.  6  117.0  109.8 


I05.3v  / _ Hv  1  /  \  117.9  > 


,23'3/l08.^|0&^ 


A  VC  RASE  POROSITV-  IOQ.& 


pate  I  MAY  145 1 


I  '  uTiMiT 


24  OORE  CANOPY 


AFTER  200  M.P.I. 


POROSITY  MEASUREMENTS 

SERIAL  NO _ 

TEMP.#l&rr 


HUMIO 


1 

POROSITY  MEASUREMENTS 

24  GORE  CANOPY 

AJT1R 

SE 
TEMP.^fc 
HUMIDifr 


>707.8, 


77.7 


S  105.3 


^03.5 


II70/J? 

\  Q3^[^^106,a 

78.7  \  /83.5 

84.7  \  ytv  . 

104.4  X  ^in^^r^iiTrrTx  /  /7 *6 


84.7 


77.6 


113.4 


78.8 


i,L6V  15.8 '^'^2 


™-<V  8i. 2  /  ,0I  6 


88-4 


73.8 

\o\.8 


106.2 
X75.8 


106.2 


110.7 


/0&.7 


75.8 


107-8 


77.8 


X  73.7 
104.4  X 


103.5  /  68.3 


\03.5\ 

\83.5 

s7(,.8XXL 


107.8 


Vl  0  5.3/ 


74.7 


75.8 


106.2 


\  ^377X88.3 
\l07.o\  / 

^',5/7i,5\ioo.t\ — \e>8-3  r 


fQo\.(> 

17.7^ 


85.8  ]  8o.o  1 77.7 


,77  £ 


100.7 


87.4  ^83- 


5 


,  0fe**a«* 


POROSITY  MEASUREMENTS 

24  OORE  CANOPY 

SERIAL  NO.  3S02/J>_ 

TEMP.'Z5j£OF 

HUMID 


//j.+ 


sK  66.3  \/  \ 

v  \\  \os'c  \ //6/  /  /a**  /  ' 

'*A9  \***\  I  J30.6 

/oae \LX  \  1  /  /  A«7 


/^.2T 


f/5.2 


96.5  \  /(fl9.oV\. 
— \  /04-.4- 


II  16  /  /06.2  /  //7tf 


/HO 


//*.//  //L5 

''806  '\iia.5\ 

^^X  //79  XT  H 

'  //7.0  X  - -XX 


102.5 


£4  GORE  CANOPY 


AFTIR  200  N.P.H. 


POROSITY  MEASUREMENTS 
SERIAL  NO.  £§Q  £  LX... . 
TEM  P.g£££F 
HUMID^Q^jy. 


POROSITY  MEASUREMENTS  24  OORE  CANOPY 


AFTIR  200  M«P.H. 


24  GORE  CANOPY 


POROSITY  MEASUREMENTS 


SERIAL  NO.  _3_50_2_20_ 

TEMP.#Tj&£F 

HUM 


AFTER  200  M.P.H. 


*vE»Aot  roRoitry-  ^5.3 


lifmA 


i6b 


oate3  HAY  I 
•r _ L_GL_ 


r.T,  iJWflanMMU 


24  GORE  CANOPY 


AFTER  200 


POROSITY  MEASUREMENTS 


SERIAL  NO.  35QJZJU 
TEMP/gT&^F 
HUMIO^J-^, 


POROSITY  MEASUREMENTS  24  GORE  CANOPY 
SERIAL  NO.  350_2_2_3_ 

TEW  P4ZQCZF 
HUMID^-^o 


AFTER  200  M.P.H. 


66.3/ 


L'ns.e  r 


87.4 


74.7  Jr 


73.7 


'  76.8  [ 

847  h  7.6 


loi.? 


,74.7 


82.4 


loe.e 


'73. 7 


a&3 


7 1.5 


'  \3l.5 

^8.7\ 


'  \l03.5jf 

75.8\  /73.7i 


81.2 


77.6 


73.7 


103.5' 


704.4V  S  2 

2 — 4^1 i\84/h 
l05'7  82-va^r; 


8^ 

84.7 


.77.7 


IO3.5 


88.3/  ,o4><? 


^6.31 


82.4 


^loe.jr 


81.2, 


73.7 


J044 


73.7/ 

^/73.7/ 


64.7 


77.7  \7o.4 


I05.3 


85.7 


8O.O/0 ,  il^3.7 


64.7 


J07.8 


70.4 


100.7 /\,07J/  /  T  \I04.4 

\/qiS\  /iol'(JjlS.Z  W3.7/V~7~ 

\  /  \8I.2 

lQQ^X/85.ai  d 


'70.4 


81.2  & 


AVERAGE  POROSITY'  33.2 

VIADOTO  52-57 


oate_8M6YI4SI 
by  L.D. 


POROSITY  MEASUREMENTS  24  GORE  CANOPY  AFTER  200  M.P.H. 


SERIAL  NO.  350  225 


POROSITY  MEASUREMENTS 

24  GORE  CANOPY 

AFTER  200  M.P.H. 

— 

. * . . -•  ■  •  *-• 
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POROSITY  MEASUREMENTS  24  GORE  CANOPY 


SE 


AFTER  200  M.P.H. 


V  08.3 


92.6  /*» 


99.7 


81.2 


Ar  /  90.9 


764 


164 


8o.o 


Si 


109.9/  \  /^ 

/ 90.4  ^ 


83..S 


89.7 


8Z.9 


81.2/97.9  /  loo. 7 


88.3 


,82.9 


80.0 


1 1.5 


io2.5\88‘775.d. 


83.7 


'83.5> 


"o35/  9o4 


[88.3^ 
\  1 02.5 


\  89.7 
I2a6_\_-. _ 


108.0/  85.9 


129.2 


106.2 


65.9 


88.3 


994 


93.7  1/100.7 


883  /  ^"X/oz.5 


85.9 


US 

n 


9\.5 


I03.5j|0^\98*7 

/ 


*05.3 


95.8 


62.9  \lo6.2 


POROSITY  MEASUREMENTS 


SERIAL  NO.  350220 


temp.2£-81f 


humid 


24  GORE  CANOPY 


'jjL 


m.p.h. 


v'  /<?jj  >K  *0  6. 2 


//Si  7 


726.4 


ns.  7 


30.3 


SS.9  733  /  /26.3 


95.8 


33.5 


764.2 


60.3 


/02S 


/0t4\*5  \ W9\67/, 


90.4 


7060 


99.8 


36.3  /  /  82.4 


/06.0 


/ 06.2\  /{ 07. / 


n/.e 


647 


"2.5/  7062  /  7Qo 


947 


/06.2 


024 


993 


/ 00.7 


/  35.9  /sjj 


709.8 


815 


60.0  \//02.5 


83.5 


/OO.  7 


90.4 


/ 07. / 


635A926  \t04 


I  847  1  90.4 


nao 


958 


mo 


894  l 


76.  Q  1/20.6  W//B0.6 


AVERAGE  POROSITY  •  06. 2 


date  2-2-5/ 


iY  /  5> 


— - I  „BV 

\  temp  2£8£iF 

\  humkwmA  I  eGJ  F 

1 


af-£ 


yy34. 7  \  /  \  ^  yf  m4-7 
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WHIRLING  TOWER  TESTS 


SECTION  I  -  GENERAL 

1.  WHIRLIMO  TOWER:  "his  testing  device  la  described 
in  Memorandum  Reports  EXP-N-54-oyO-30Al  and  EMO-M-54- 
670-44H  titled  PARACHUTE  TEST  TOWER'.  In  operation. 

It  whirls  a  steel  dummy  fitted  with  a  Lindquist -Ryan 
tensiometer  around  in  a  200  ft.  diameter  circle.  The 
parachute  la  mounted  In  a  pack  on  the  dummy  from  which 
It  may  be  released  at  the  operator’s  will.  It  la  cap¬ 
able  of  accelerating  a  250  lb.  load  to  speeds  above 
200  MPH.  The  canopy  rlaera  are  connected  to  a  sliding 
member  that  ie  attached  to  one  end  of  the  tensiometer 
so  that  any  f^rce  on  the  risers  will  be  recorded  on  tne 
film  of  the  tensiometer.  4000  lb.  and  10,000  lb.  springs 
are  used  In  the  tensiometer.  The  tensiometer  was  recal¬ 
ibrated  each  time  the  springs  were  changed. 

SECTION  II  -  METHOD  OP  TESTING 

1 .  SEQUENCE  OF  TEST  OPIRATIONS;  The  chutes  were  at- 
tacheJ  Eo  Lhe  tower “dunsny  (See~*Flgure  4,  Page  215.) 
and  were  then  rotated  until  the  designated  launching 
speed  was  reached.  The  rip  cord  was  pulled  at  a  pre¬ 
determined  Instant  so  that  the  chute  opened  at  the 
proper  position  with  respect  to  wind  veloolty  and  dir¬ 
ection,  speed  of  dummy  and  Ideal  point  of  observation. 
After  the  chute  had  opened  ai*d  had  brought  the  dummy 
to  rest,  the  elongation  of  the  lines  was  measured  and 
recorded.  Any  broken  lines,  canopy  damages  or  general 
malfunctions  were  recorded  and  the  chute  then  folded 
and  brought  to  the  plant  for  complete  inspection.  The 
tensiometer  film  was  then  removed  from  the  tensiome¬ 
ter  and  the  film  data  recorded.  Pertinent  data,  such 
aa  wind  direction  and  velocity,  barometric  pressure, 
temperature  and  relative  humidity  were  also  recorded. 

The  canopies  and  lines  were  carefully  Inspected  after 
each  test  to  determine  the  cause  and  extent  of  damage. 

SECTION  III  -  TEST  RESULTS 

1.  DROP  TEST  DATA:  The  Information  gathered  during  the 
wh 1 rTTng  t ower  *le a t a  Is  listed  and  summarised  on  the 
drop  test  reports.  Pages  19*  to  203.  Such  factors  as 
wind  velocity,  direction,  etc.,  of  minor  importance  in 
the  final  analysis  of  the  tests  have  been  purposely 
omitted. 
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WHIRLING  TOWER  TEaTd 


SECTION  III  -  TEST  RESULTS  (CONT'D) 

2.  EVALUATION  OP  DATA:  The  principal  consideration# 

In  sVudy  rKgTKe  data  were  their  affect  on  the  perform¬ 
ance  of  the  line.  The  relation  of  these  data  to  type 
of  canopy  and  deployment  were  secondary  but  highly  In¬ 
formative.  The  moat  Important  data  from  the  project 
were  the  shock  loads  registered  for  each  canopy  opening. 

These  loads  may  be  used  directly  to  evaluate  a  line1 a 
ability  to  absorb  Impact  forces*  The  atstio  line  test 
results  were  compared  to  the  drop  test  results  and  a 
direct  relationship  was  noted.  In  cases  where  a  cano¬ 
py  suffered  several  line  attachment  failures*  the  re¬ 
corded  loads  were  counted  and  uaed  In  the  final  results. 
The  lines,  of  course,  were  not  counted  S3  failures  be¬ 
cause  strength  of  line  exceeded  strength  of  attuclunent. 
Other  tests  In  which  the  lines  did  break,  and  thus  lim¬ 
ited  the  opening  to  a  load  leas  than  average,  were  coun¬ 
ted  because  they  were  typical  of  the  maximum  loads  the 
lines  would  stand.  Porosity  effect  Is  explained  In 
Appendix  '  C" . 

3.  PERMANENT  SET  MEASUREMENTS:  The  permanent  set  mea¬ 
surements  made  after  each  iowsr  test  were  used  to  deter¬ 
mine  the  recovery  rate  of  the  various  lines.  No  exact 
period  of  time  was  set  for  these  measurement a.  They 
were  measured  as  soon  as  possible  after  the  dummy  was 
brought  to  rest  after  the  canopy  opening.  These  mea¬ 
surements  were  an  indication  of  the  stress  placed  on  the 
lines.  It  was  found  that  the  lines  recovered  almost 
lOOjt  by  the  time  they  were  repacked  for  re-use.  Graph, 
Page  211 ,  shows  i  elongation  remaining  lnwned lately  af¬ 
ter  drop. 

4.  EVALUATION  OP  LINE  BREAKS:  This  portion  of  the  pro- 
Ject  required  careful  analysis  because  many  of  the  lines 
were  broken  or  badly  damaged  from  causes  other  than  di¬ 
rect  stress  or  friction  burning.  In  other  Instances, 
examination  of  lines  that  pulled  away  from  the  skirt  cf 
the  canopy  showed  no  signs  of  failure  In  the  line  it¬ 
self.  In  order  to  evaluate  the  lines  fairly,  only  those 
failures  due  to  the  following  appear  on  Tables  VIII  and 
IX. 

a.  Lines  broken  due  to  high  stress. 

b.  Lines  broken  from  friction  burns. 

c.  Lines  broken  due  to  combined  friction  burns  and 
stress. 
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WHIRLING  TOWIR  TESTS 


SECTION  III  -  TEST  RESULTS  (CONT'D) 

Lin**  broken  at  the  link  tie -on  knot  were  presumed  bro¬ 
ken  dua  to  atraaa  alona.  Note  that  tha  knot  raduoaa 
tha  strength  of  tha  llna  by  15%  to  25% . 

Llrtei)  broken  at  tha  eklrt  reinforcement*  ware  generally 
due  to  high  stress.  There  is  some  time  a  a  alight  wak¬ 
ening  of  tha  llna  at  this  point  dua  to  slg-sag  sawing. 

Lines  broken  between  link  and  skirt  war*  examined  for 
bums  to  determine  whether  oause  of  failure  was  stress 
or  frletlon. 

SECTION  IV  -  DISCUSSION  OP  TOWER  TESTS 

1.  PURPOSE  OP  TE3TIN0  TWO  SIZES  OP  CANOPIES;  At  the 
time  this  pro Jsot  was  being  pTanned,  lb  was  estimated 
that  the  loads  from  200  MPH  tests  would  not  be  high 
enough  to  stress  the  lines  to  their  full  strength*  us¬ 
ing  30  ft.  extended  skirt  oanoples.  Therefore*  the 

24  ft.  canopies  that  are  known  to  produoe  high  opening 
loads  were  selected  for  the  larger  portion  of  the  tests. 
The  30  ft.  canopies  were  used  to  study  the  performance 
of  deployment  bag  openings  and  to  collect  Information 
on  the  Type  T-9  canopy. 

2.  TEST  TOWER  LUMMY :  The  tests  called  for  a  dummy 
weight  of  240  lbs.  but  by  the  time  the  tensiometer  and 
fittings  were  installed*  It  was  230  lbs.  The  outermost 
10  ft.  of  the  flying  wires  bring  the  total  weight  of 
the  load  to  approximately  2o0  lbs.  When  this  weight 

is  launched  at  200  MPH,  it  imposes  a  load  on  the  24  ft. 
canopies  that  Is  close  to  their  ultimate  strength. 

.Soon  after  the  first  few  tests*  the  weights  on  the  dum¬ 
my  were  shifted  to  the  forward  position  of  the  dummy 
to  gain  better  flying  stability. 

3.  DEPLOYMENT  BAG  PERFORMANCE;  The  deployment  bag  Is 
used  oh  the  Type  T-9  parachute  to  hold  the  30  ft.  exten¬ 
ded  skirt  canopy.  Its  purpose  is  to  contain  the  canopy 
until  all  of  the  lines  are  paid  out,  thus  preventing  pre¬ 
mature  opening  of  the  canopy.  In  operation,  this  system 
has  some  disadvantages.  The  bulk  of  the  canopy  Is  con¬ 
fined  In  a  bag  of  relatively  small  dimensions.  This  bag 
can  twist  or  tumble  more  than  a  canopy  would,  thus  plac¬ 
ing  twists  In  the  suspension  lines. 

The  line 3  are  withdrawn  from  the  stowage  loops  very  ra¬ 
pidly,  of times  tearing  the  loops.  The  loops  were  ap¬ 
proximately  3  Inches  long*  thus  creating  a  source  for 
bums  due  to  friction.  These  faults  are  associated  with 
the  high  speed  launchings  far  more  than  with  low  speeds. 
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WHIRLIHO  TOWER  TESTS 


SECTION  IV  -  DISCUSSION  OP  TOWER  TESTS  (CONT'D) 

The  twists  In  the  lines  may  have  contributed  to  slowing 
the  openings  of  the  canopies,  thus  aiding  in  the  reduc¬ 
tion  of  loads  for  this  type  of  deployment. 

4.  REPEATED  TESTS:  In  such  cases  where  the  tensiome¬ 
ter  record  was  not  clear,  the  loads  were  obviously  out 
of  line  due  to  known  causes,  such  as  abnormally  slow 
or  fast  openings,  a  test  would  be  repeated.  Precau¬ 
tions  were  taken  to  keep  these  repeat  tests  to  a  min¬ 
imum.  In  the  majority  of  the  tests,  one  canopy  with 
each  type  of  line  would  be  tested  in  its  order  so  that 
atmospheric  conditions  would  not  vary  too  much  between 
the  different  line  groups.  Unfortunately,  the  results 
of  each  day's  testing  had  to  be  analysed  before  it  was 
known  whether  a  repeat  test  was  needed.  Approximately 
4l  repeat  tests  were  made. 

5.  MISC.  FACTORS  INFLUENCING  PINAL  RESULTS:  The  aver¬ 
age  of  four  or  six  tests  will  usually  give  an  Indica¬ 
tion  of  the  performance  of  a  canopy.  To  establish  a 
more  accurate  rating  of  the  performance,  a  minimum  of 
ten  or  twelve  testa  should  be  made.  One  of  the  factors 
that  must  be  considered  is  the  effeot  of  broken  lines 
on  the  canopy  loads.  When  lines  are  broken,  air  ia 
spilled  on  the  side  of  the  canopy  where  these  lines  have 
failed  to  fumlah  support.  Th*  spilled  air  prevents 
the  load  from  building  up  to  normal. 

The  exact  instant  at  which  the  line  broke  ia  very  im¬ 
portant.  It  is  evident  that  if  the  break  occurs  due 
to  high  snatch  force,  the  canopy  will  not  register  a 
high  opening  shock.  The  same  reasoning  applies  if  the 
line  breaks  while  the  opening  shock  peak  is  being  ap¬ 
proached. 

Listed  below  are  some  causes  for  abnormal  snatch  force 
or  opening  shock  loads: 

a.  Line -over  the  canopy  openings. 

b.  Inverted  canopy  openings. 

c.  Slow  pilot  chute  action. 

d.  Pilot  chute  area  too  small  or  t^o  large  for  the 
size  of  the  canopy. 

e.  Line  attachment  failure. 

f.  Tom  canopy  panel. 
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DROP  TEST  RECORD 


SUSPENSION  LINE  GROUP  NO  H 


84  FT  RIP- STOP  FABRIC  CANOPIES 
SPEED  1 00  M  PH 

II  ri , X  jvuiin&M.i..  .t*—'  4._.  .*  .i  ;  t  4 
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_ 12- 
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,109.0. -I..  2215... 
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1782  1.55 


NFl  ATIW 
mUMi l'i  T  , 

!« AM 
mm* 

-  .49  . 

29.50 

.  45  ... 
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29.44 

.  56 . 

29.16 

5.6  .. 

-29,16 

=  42  ,  . 

29,14. 
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-  .  ,u< 

4320 
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_350° 
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1 . 4? 
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1/86/51  _89 
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OKOP  TEST  RECORD 

SUSPENSION  LINE  GROUP  NO.  Ill  24  rT.  Rtp-  STOP  FABRIC  CANOPIES 

SPEED  IOOM.P.H 


4f  NlAl  MO 

350213 


DATA 

jj  TENSIOMETER 

DATA 

|  WEATHFI 

R  DATA 

CANOPY 

POAOSIfY 

SNATCH 
FORCE  CBS 

OPtNINP 

SHOCK-Lfti 

OPENING 
TIME  SEC 

I  °ATC 

TEMP 

MftA’tVY 

HWM'OITT 

ft  AM 

*XEPS 

96.4  900 

1630 

1*59 

U/Vso 

79 

49 

25*50 

92,0.  17S0 

1450 

1.67  iLo/2/50 

82 

44 

29.46 

101.6 

2530 

2215 

1.47 

10/2/50 

82 

44 

29.44 

111*0 

2315 

1550 

1.56  - 

to/31/50 

35 

56 

29.16 

92.6  ,1850 

1600 

1.55  Io/3lA0 

60 

55 

29.16 

89.O 

950 

1200 

LitlP 

62 

97.1 

1716 

1608 

1.59 

18  _  69.O  950  1200  1.70  . 

AVERAGE I  97.1  111716  1608  1.59 

SPCEO  150  M  PH 

PARACHUTE  DATA  TENSIOMETER  ~~DATA 


WEATHER  DATA 


CANOPY  SNATCH  OPENING  OPENING  [J  RELATIVE  ft  AM 

tfPiAC  NO  PQM  Oft  IT  Y  FORCE  LBS  SHOCK  l  Pt  TIME  SEC  H  °*TE  HM|1  HUM  IQI T  V  PRESS 

350213 _ 95.4 _  335P. _  3200 _ _ 4g _ JL£ _ 29Ul 

_ 1*L _ 91*3. ,2300. _ 2690-. .  _AJLO_l2/l6/50  _3Q_„  __3Q_  -29*00. 

_ .15 _ 101*6-  JI2Q0 _ 27.23 .30—  _  3 £ _ 28>96l 

_ 13-  11Q...7 _ 1650 _ _2625__  __0*.94 . i/13/5I _ 3fi _ 55 _ 29*18 

_ 17 _ 92*1 _ 15.00- _ .3200 _ 0*90-1/12/51-4-351.  -  —52. _-l-29*XB_ 


AVBRAGE 


2558  j  3000  I  0.93  II 
SPEED  200M.PH 


PARACHUTE  DATA  TENSIOMETER  DATA 

Trnt  ai  no  CANOPY  SNATCH  [OPEN  ING  jOPFNiNQ  ” 

_ _ _ '  POROSITY  rOMCE  LBS  SHOCH'L TIME  8 EC 

350213 _ 4160 4820  0.95 

14 _ 3130  2500  0.90 


110.! 


18 


4100 


4820 

2500 

J26SL 

4400 


0.95 

0.90 


DATE 

/28/51 

4/10/5 


WEATHER  DATA 

I  TEMP  ILLATIVE 
1  TCMR  HUMIDITY 


SAM 

PRESS 


0.62 


1.10 


29.50 

27.80 

29.47 

28,94 


AVERAGE 


15 


SUSPENSION  UNE  GROUP  NOIV  24 

SPEED  » 00  M  P,  H 

PARACHUTE  DATA  H  TENSIOMETER  DATA  J 


DROP  TEST  RECORD 

24  FT,  Rip- STOP  FABRIC  CANOFIES 


I  PARACHUTE 

:«}NiAl  NO 

_ . 

20 

_ 21-1 


DAT  A 

TTnOPY 
monos'  r  v 

9(4  .8  _ 
.  97. (L 
~9 i/A- 


SNAHN  OPENING  OPfNlNO 

i  ohc <  i«5  snorifigr  rihtr  sec 


t,  *^ar»  »»  ^rut,  ,.T-a  t 5  » .\ie:  •T' 

WEATHER  DATA 

r  I  mm*  fwiATlVf  f  "  HAN 
'  1  JmUMiO'TY  PRfSS 


- 22-J_l94i*L. 

- ,2a-4--56*a- 

_ 24j  m.j> 

JkVERAOB^  99. 9 


PARACHUTi-  DATA 

T'~cTnopy~ 

SfNUl  NO  P0H05lTr 

350219  96.0 

20  _  96.9 

_ _ 21 _ 96,1 

_ 22  105.8 

_ ?3  91,5. 

AVERAGE  100.2 


1400 

„iQ5a._ 

-133SL_ 

-2113 

-.lagg,- 

1707 


I9OO _ 1 . 19  10/2/50  82  45  29.48  _ 

2315  _ . 1.40  10/2/50  83  44  ~  j  29.44 

lSQO _ 1J53L.  10/2/50  _  ,62 _ 11 _ 29,11- 

.  1730 _ 1,  IT.  Jl9/21/5<  f _ 5£_ . 55— . 29,.l6_ 

-1600 _ l,4lJlQ/3i/5f . 50-4  -51— p  2906- 

i?50_  X..72  Uo/31/5^.  62  jg___  _2P1l4 

10134-  iM _ 4 _  1  1  _ 


SPEED  150  M  P  H 


canopy 
P0H051T  r 

snatch 

tOWCt  IPS 

96.0 

2625_ 

96. 9 

-.3359 

_ 90 -A  _ 

(3100 

105.8 

3400 

.  91,5. . 

2210 

.  Ill  *3  r 

-  2509.  _ 

100,2 

2864 

TENSIOMETER  DATA 

InaTcm  T’iTTnTn'vT  ]TTi:i  ning  ~ 

OWCI  l_Rb  SHiK  *  (  HS  I  I  Ml  St  C 

2625 _ 3350  1.0 . 

.3350  .  3250  _  i,o 

JAOO  _._  36T5-_  .  1.08  _ 

.3.490  _  __3800 _ 1.0  . 

2210 _ 3200 .  0,84.  ; 

2864  3413  0.99 

SPEED  200MPH 


WEATHER 


DATA 


1/2.5/51. 

12/2/50 

12/18/3? 

11/7/50 

2/12/51 


1  l  MP 

RELATIVE 
HUM»l’)T  Y 

-_._29  1 

42 

42 

. 5.2  ... 

39„ 

66 

J2.  ._ 

12. . 

. _52  - 

M  - 

_ 19__ 

28.94 

?9rl5 

.28.98 

29-36 

29  *  1.6 

29.18 


PARACHUTE  DATA  TENSIOMETER  DATA 

~  —-  —  l  canopy  "  "s' mat oT*  1 0 p f  n  1  n"g~  Te>nTrNer 
porosity  f  oner  1  as  shock  ips mur  see 


WEATHER  DATA 


_ 350219— 

_ _ 20 

_ 21— 

_ _22_ 

24 

AVERAGE 
WADC  TR  52-5/ 


101.8 


-JLQ00.- 


3959 

2390 

3500 

3382 


1820 

-4m 

m 

3930 

4500 

5160 

T5I5" 


0,8045/5/51. 

ioqJviq/5j 

Q^Q  -  5/Z/51 
.0*52!..  1/26/53 
1.00  5/7/51 
1  »-l°  5/8/51 
0,88 


T  l  MP 

Pf!.  AHVt 
HUMIDITY 

-62 

. 24 . . 

.  .65 . 

66 

...94 . 

26 

29 

42 

63 

26 

62 

42 

T  l  V  t  Mn 

IT  Y  _  MR*  SS 

1 . <28,8* 


28,8 4„ 
-21^00- 

-2§jJ2i_ 

28.78 

28.92 


DROP  TE3f  rtECOKO 

SUSPENSION  LINE  3R0UP  NO  V  24  FT  RIP*  STOP  EAfSRlC  CANOPIES 

SPEED  100  M  P  H 


I^PARACHU  T£  DATA  TENSIOMETER 
t*  ,77.777  ""  LANoVf  "  M.MC1  TST'Zw 

L  J  PuHOSITY  PONCE  \BS| SHOCK  l 


«ETER  DATA 


WEATHER 


DATA 


SN  MCI  OPENING  "OPE  NlNG 
(ONCE  \RS  SHOCK  ies  1 IMl"  SEC 


DATE  TtMP 


7«f  l  AT  i V» 


-350225  . . $6.6 . -.1250-  !  1350- — 1*S3~ 

_ J£6 _ 37*3 _ 1250 ..  1...173P  1,39- [19/3 1/50. ..  67 

_ 22 _ -95*1- . .1500 .IdOQ-l— UU-  10/31/59  66- 

_ gfl  I  101.2  OOP . ,..U650L -1  -1»50-  - 10/51/50  -5fi- 

_ JIS _ _ 89ol..._.  im 1600  .  1,60.  10/31/5!!  L.fiL 

30  MB  1900  l.»T  W/Jl/a '  .  63  . 

—AVSBAOE  _L_  Ja5_*8— .  lLl  l _ I  ._J.6T5_.L.1i50  .1 . . . 


HUMiD'TY  t'MI  C-<i 

30  25.04 

30  29.04 

. 26  29*04 

. 56 .  29*16. 

-51  29,16 

-.1.4.- . 29.12 


SPEED  150  M  P  H 


PARACHUTE 

DATA 

SCAIAI  NO 

C  ANOP v 
ponosit  y 

^M9C, 

h— 98*0- 

26 

.  98^9 ... 

27 

94.6  . 

28 

100.1 

29 

.-17,5- 

"PfNlNC 


-3eoo  |  2150- -- 
.2450  2300- 

42Q0  30Q0- 

4160  .  3000 . 

2210 . 305P 

3m_  ^175  . 
3362  [2713. 


AVERAGE 


95.6 


DATA 

o»'i  nTn  <i 
\  t  AM  Stf 

. 1*14. 

-  -1*10 
-1.10 
—1.30 
—0.72. 

I.06 


WEATHER  DATA 


i'll  A  T  1 V  t 
HUM '01  1  Y 


12/18/50  26 

.2/18/50 . 32 

12/16/54 . 32. 

i/5/51- . 62 

1/12/51-  44_. 


H  AN 
PH!  s  S 

29*06 

28.96 

28.96 

28.84 

29.18 


SPEED  ?OOM,PH. 


SCNiAL  MO 

■350225 

_ 26- 

_ 21- 

20 

_ 29— 

_ 30- 

AVERAQK 


DATA 

TENSIOMETER 

DATA 

CANOPY 

SN ATC M 

or»  n iNg  I 

OPI  NINC. 

PONOSSTY 

TONCE  IPS 

SHOCK  IPS 

TIMf  SIC 

.2665 _ 

.3660 

1*30 ... 

.3390  . 

3820 

1,10 

1—5500  - 

5000  . 

-LtiQ- 

l-.^6 

6500_ 

»C60  . 

i-i? 

WEATHER  DATA 

T77T7''pL*f;vVl  nAR 

|  Imumhmt  y  I  PHI  NS 


'4/51 

<2/51- 

<2/51— 

<2/51_  _ 


.52 

—73 _ 

—1.3 _ 


4173 


1509- 

3804 


28.95 

26,22. 

20.35- 

28.32 

&  JfflL 
28.9? 


1.25 


\i 


SECTION  V 


DROP  TEST  RECORD 


SUSPENSION  LINE  GROUP  NO  I 


PARACHUTE 

DATA 

SERIAL  NO. 

CANOPY 

POROSITY 

350231 

89.2 

32 

93.8 

SPEED  IOOM.P.H 


TENSIOMETER  DATA 


30  FT.  RIP- STOP  FABRIC  CANOPIES 

».  H. 


WEATHER  DATA 


SNATCH  OPENING  OPENING 

FONCC'LBS  shock-lbs  time- SEC 


g mm 


TEMP 

RELATIVE 

humidity 

53 

51 

55 

*6 

warn 

mm 

■mi 

mm 

29.28 


PARACHUTE 

DATA 

STRIAL  NO. 

CANOPY 

POROSITY 

SPEED  I50M.PH 


TENSIOMETER  DATA 


SNATCH  OPENINC  OPENING 
FORCE"  LBS  SHOCK  LBS  TlMESEC. 


HOC  800 


1000 


800  j  850 


WEATHER  DATA 


OATE  TEMP 


RELATIVE 
HUM  IDIT  V 


AVERAOE 


L  9 

3.90 

1000 

856 

2.75 

PARACHUTE 

DATA 

SERIAL  NO 

CANOPY 

POROSITY 

SPEED  200M.PH 


TENSIOMETER  DATA 


SNATCH  (OPENING  OPENING 
FORCE-LBSlSMOCK-LeS.  TIME’SEC 


1500 


WEATHER  DATA 


TEMP 


imi 


BAR 

HUMIDITY  I  PRESS 


wm\ 


ju. 


DROP  TEST  RECORD 

SUSPENSION  LINE  GROUP  NO  III  30  FT  RIP- STOP  FABRIC  CANOPIES 

SPEED  IOOM.P.H. 


PARACHUTE 

DATA 

SFRiAL  NO 

CANOPY 

POROSITY 

TENSIOMETER  DATA 


SNATCH  OPENING  OPENING 
FORCE  LBS  SHOCK  LBsJtiME  SEC 


WEATHER  DATA 


m  W£m 

HTTCfll 


HELATIVE 

HUMIDITY 

BAR 

PRESS 

1 

mam 

mm 

*8 

I 

M 

00 

29.28 


PARACHUTE 

DATA 

SERIAL  NO 

CANOPY 

POROSITY 

*2  8 


AVKRAOI 


AVERAOE 


SPEED  I50MPH 


TENSIOMETER  DATA 


SNATCH  OPENING  OPENING 
FORCE  IBS  SHOCK  IBS  TIME  SEC 


PARACHUTE 

DATA 

SERIAL  no 

CANOPY 

POROSITY 

1019  2.85 


SPEED  200M.PH 


TENSIOMETER  DATA 


SNATCH  JOPINING  OPfNlNO 
FORCtl  BSSHOCKLRS  TIMESCC 


1550  2.0 


1*50  I  2 


WEATHER  DATA 


RELATIVE  BAN 
HUM  101 T  Y  PRESS 


2  ! 


WEATHER  DATA 


RELATIVE 

HUMIDITY 


RH5SJI 


30 

29.37 

*3 

28.8 

1625  2.02 


S2CT10M  V 


DROP  TEST  RECORD 

SUSPENSION  LINE  GROUP  NO  IV  30  FT.  RIP-STOP  FABRIC  CANOPIES 

SPEEO  IOOM.P.H 


PARACHUTE 

DATA 

SERIAL  NO 

CANOPT 

PJROSITT 

3502*3 

r  85.5 

TENSIOMETER 


SNATCH  OPENIN'  I  OPENIN' 

force  lbs  shock  lbs] time  sec 


DATA 


3. 


375  I  650  2.9 


WEATHER 


DATA 


3589 


TEMP 

RELATIVE 

MUMIOITY 

BAR 

PRFSS 

53 

51 

29.29 

29.28 


29.30 


AVERAGE 


PARACHUTE 

DATA 

SERIAL  NO 

CANOPY 

POROSITY 

5,8 

800 

IS! 

0 

2 

.02 


SPEED  I50M.PH 


TENSIOMETER  DATA 


SNATCH  [OPENING  [OPENING 
FORCE ' LBSlSMOCK  LBS  !  T I  ME  SEC 


I 


IVi’ 


WEATHER  DATA 


DATE  TEMP 


RELATIVE  BAR 
HUMIDITY  PRFSS 


SPEED  200M.PH. 


PARACHUTE 

DATA 

SERIAL  no. 

canopy 

POMOSITY 

TENSIOMETER  DATA 


OPCHINO 


SNATCH 

■  PTJTOCFMI 

FORCE-IB 

S(SHOCKLBS.| 

wmmwmm 

mESmmimm 

i  fi  ft  IMWCvM 


WEATHER 


DATA 


RELATIVE 

MUMiOITY 


29>kT . 


AVERAGE 


11BBWIEEEII1ES 


DROP  TEST  RECORD 

SUSPENSION  LINE  GROUP  NO  V  30  F  I  RlP*STOP  FABRIC  CANOPIES 

SPEED  IOOM.PH 


PARACHUTE  DATA 


S{  rial  no 


CANOPY 

POROSITY 


TENSIOMETER  DATA 


OPENING 


SNATCH 

FORCE  LBS 

OPENING 
SHOCK  LBS 

175 

500 

PARACHUTE 

DATA 

SERIAL  NO 

CANOPY 

POROSITY 

SPEED  150  M  P  H 


TENSIOMETER  DATA 


SNATCH  OPENING  OPENING 
EORCE  lBS  SHOCK  IBS  TIME  SEC 


WEATHER  DATA 


DATE  TEMP 


| _ AVEilAOB 


JL.1O05  i  g.52  II 
SPEED  200M.PH. 


r  a  Tl  ■ 


PARACHUTE  DATA  'TENSIOMETER  DATA 


SERIAL  no 


WEATHER 


DATA 


BAR 

PRESS 


(  )  Sscond  Best 

_ Worst 


24 

FT.  CANOPIES 

TABLE 

II 

TESTS 

AT  100 

M.P.H. 

LINE  GROUP  NO. 

I 

II 

Ill 

IV 

V 

Avsr.  Snstoh  Pores 

1986 

1920 

1716 

(22) 

Bsa 

Aver.  Opsn.  Shook 

(SO) 

1782 

181  j 

1675 

Avsr.  Porosity 

99-9 

96.5 

97.1 

99.9 

95.8 

Avsr.  Opsn.  Shook 

1.55 

1.55 

1.59 

1.48 

1.50 

TABLE 

Til  TESTS 

AT  150  M 

.  P.H. 

LINS  GROUP  NO. 

I 

II 

Ill 

IV 

V 

Avsr.  Snstoh  Pores 

4092 

4320 

(2555) 

(2864) 

3362 

Avsr.  Opsn.  Shock 

2676 

300C 

3413 

®S> 

Avsr.  Porosity 

100.3 

97.3 

96.9 

100.2 

95.6 

Avsr.  Open.  Time 

1.11 

1.15 

0.93 

0.99 

1.06 

TABLE  IV  TESTS 

AT  200 

M.  P.H. 

LINE  OROUP  NO. 

I 

II 

Ill 

IV 

V 

Avsr.  Snatch  Pores 

5357 

3771 

4478 

dH 

(FITS 

Avsr.  Opsn.  Shock 

(Ford 

4335 

4515 

|}&}4| 

Avsr.  Porosity 

90.3 

102.1 

110.9 

101.8 

98.6 

Avsr.  Opsn.  Time 

1.06 

0.92 

0.93 

0.88 

1.25 

LINE  EVALUATION 

WDC  IS  52-57 

TABLES  BASED  ON 

ao4 

IMPACT 

LOADS 

I _ iBtat 

C  )s>og«d  Beet 
Jrforet 

30  FT.  CANOPIES 


TABLE 

LINE  GROUP  NO. 

V 

TESTS 

1 

AT  100 

II 

M.P.H. 

Ill 

IV 

V 

Aver.  Snatoh  Pore* 

121 

29* 

(**D 

375 

Av*r.  Open.  Shook 

613 

588 

(550~ 

553) 

Aver.  Poroelty 

93.75 

91.07 

89.37 

87-52 

92.73 

Aver.  Open.  Tine 

3.12 

3.25 

3.17 

3.02 

3.17 

TABLE 

LINE  GROUP  NO. 

VI 

TESTS 

I 

AT  150 

II 

M.P.H. 

Ill 

IV 

V 

Aver.  Snatoh  Force 

1000 

875 

(too) 

763 

gm 

Aver.  Open.  Shook 

1038 

1019 

(HD 

1085 

Aver.  Poroelty 

93.90 

97. *3 

90.15 

87.52 

93.70 

Aver.  Open.  Tim* 

2.75 

2.80 

2.85 

2.77 

2.52 

TABLE 

LINE  GROUP  NO. 

VII 

TESTS 

I 

AT  200 

II 

M.P.H. 

Ill 

IV 

V 

Aver.  Snateh  Pore* 

££ 

1*75 

1613 

C125Q) 

Aver.  Open.  Shook 

EH3 

1625 

@5o) 

16*5 

Aver.  Porosity 

86.30 

87.5 

87.25 

86.95 

91.80 

Aver.  Open.  Tin* 

2.05 

2.2* 

2.02 

1.65 

2.3* 

•See  Appendix  "C",  Page  33 


LINE  EVALUATION  TABLES  BASED  ON  IMPACT  LOADS 
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NISC  TH  5B.57 


MM?  BAEAKAOK  DUE  TC  OPENINC  FORCE*  A  NX  I.tPI  .CYbEUT  ACIUN  ONLY 


"A"  -  Broken  at  Link  Knot 
"B"  -  Broken  between  Knc t 
and  Skirt 


*  0"  -  Eroken  at 

-  Broket.  In  C..;kvy 


TABLE 

Location  of  Lino  Breakage 


2%  ft.  Canopioo 


moot  no. 


Ail  S P««dS 


TOTAL 


V 

TOTAL 


TABLE 

Location  of  Lino  Breakage 


30  ft  Canopies 


MOO?  MO. 


All  Speeds 


TOTAL 


▼ 

TOTAL 


WAZJC  IS  52-57 
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AFFBNDIX  7 

LI 31'  OF  ILLUSTRATIONS 

Page 

igwo 

14. 

Scott  Pendulum  TVpe  Tensile  Teeter 
with  Cox'd  tfcdor  Tension  end  Tsnsil- 
gram  record  of  elongation  . 

213 

^  ll^sre 

15. 

Method  of  Clamping  Cord  in  Jawo  of 

Scott  Tensile  'Taster  . . . 

214 

Pi  guru 

5.6. 

Frasier  Air  Porosity  Tester  in  Use  ... 

215 

Figure 

17. 

30  ft.  Extended  Skirt  Canopy  in  De¬ 
ployment  Bag  and  Mounted  inside  of 

Drop  Tsst  Pack  on  Test  Towor  Dummy  ... 

21b 

Figure 

18. 

Deployment  Bag  Being  Pulled  From 

30  ft.  Canopy.  Note  outward  motion 
due  to  centrifugal  force  . . 

217 

Figure 

19. 

30  ft.  Rxtended  Skirt  Canopy  After 

Snatch  Force  has  A^  tod  on  Dummy. 

Opening  Shock  Beak  is  not  yet  reached. 
Note  IViet  in  Lines  at  ^nd  of  Risers 

ag 

Figure 

ao. 

Approximate  Instant  of  Opening  **hock 

Peak  on  the  30  ft.  Canopy.  Twists 
in  lines  caused  Several  Line  Failures 

a9 

Figure 

a. 

24  ft.  Canopy  an  Instant  Before  Sllateh 
Force  hqs  pulled  Lines  Taut.  Carv- 

opy  is  Starting  to  Fill  at  tha  Vent 
Before  Lines  are  Fully  Stretched  . 

220 

Figure 

22. 

24  ft.  Canopy  During  Opening.  Open¬ 
ing  Force  is  building  up  to  a  maximum 

2a 

Figure 

23. 

Typical  24  ft.  Canopy  Fully  Opened. 
Duiny  is  Starting  to  l^ift.  Heavy 

Cross  Seams  Indicate  Repaired  Sec¬ 
tions  . . . . . . 

222 
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l 


Lsal 


k 


Figure  l4.  Scott  Pendulum  Type  Tensile  Tester  with  Cord  Under  Tension 
and  Tensilgram  record  of  elongation 


DEFINITION  OP  TERMS 


SNATCH  FORCE:-  The  force  Imposed  upon  the  subject  load 
by  the  parachute  to  acoelerate  the  mass  of  the  parachute 
from  Its  final  velocity  at  line  stretch  (or  snatch)  to 
the  velocity  of  the  subject  load. 

OPENING  SHOCK:-  The  force  imposed  on  the  subject  load, 
a  brief  Instant  before  the  full  opening  of  the  canopy, 
due  to  the  retarding  effect  of  the  mass  of  air  entrap¬ 
ped  in  the  canopy. 

OPENING  TIME:-  The  elapsed  time  from  the  instant  the 
pilot  chute  emerges  from  the  pack  until  the  skirt  of 
the  oanopy  is  fully  open. 

FRICTION  BURNS:  -  The  fusing  of  the  l'iber3  due  to  the 
heat  generated  when  materials  are  brought  Into  a  quick 
forceful  contact  or  when  friction  takes  place. 


% 


MADC  TR  53-57 
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